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RELIABLE IN ALL 
WORKING CONDITIONS 


“. .. the most conventent method was found to be 


ultraviolet absorption measurement ...”’ 


ig ke 04 


“. .. all absorption spectra for this work were 
measured with a Unicam Quartz Spectrophotometer model SP.500 . . .’ 


The frequency with which the Unicam SP.500 is mentioned in 
the literature is convincing proof of the sustained quality of its 
performance and of the wide variety of applications for which 
it is particularly suitable. For the maintenance of standards 
of both raw materials and the final product, for academic and 
medical research, wherever there is a problem of analysis or 
control, the easiest, most efficient, most economical answer may 
well be the Unicam SP.500 Spectrophotometer. 


Aan illustrated leaflet describing the instrument in detail will gladly be sent on request. 


UNICAM 


UNICAM INSTRUMENTS LTD - ARBURY WORKS - CAMBRIDGE 
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Tetra n-Butyl 


PROPERTIES 

Formula: (C,H,O), Ti. 

Pale yellow viscous liquid, containing 2-4°% free 
butanol. . 

TiO, content: 24-26°,, (Theory 23.5%). 

Flash Point: 95°F. 

Viscosity of commercial Buty! Titanate: | to 2 poises 
at room temperature. 

Density: 0.9932 gms per cc. at 25°C. 

Miscible in any proportion with anhydrous organic 


solvents. 
Hydrolysed readily by water to give TiO,.2H,O and 


butanol. e 


APPLICATIONS 

1. Im the formulation of heat-resisting aluminium 
paints. 

2: As a source of pure TiO, for the coating of 
fluorescent aon. 

3. As a waterproofing agent for leather and textiles. 

4. Catalyst for the low temperature curing of 
silicone resins. 

A special condensed from of B.T. material of TiO, 

content 45-50% is also available. e 


Further information may be obtained from Peter 
Spence and Sons Ltd.,Widnes, Lancashire. e 


Chemicals for industry 


ALSO AT LONDON AND BRISTOL 


PETER SPENCE & SONS LIMITED - WIDNES « LANCS. 
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Our photograph of the funnel (listed 
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to take 55mm. paper discs. 
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and Scientific Glasssware contains a full range 
of illustrations and prices of ‘‘ GRIP-SEAL’’ 
Joints and Assemblies, which you can 
purchase either singly or in quantities at 
liberal discounts. 


IMPORTANT: Our expanded 
productive capacity is sufficient 
to cope with the increasing 
demand for ‘PYREX’ Laboratory 
Glassware. 
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JAMES A. JOBLING € CO. LTD. 


Wear Glass Works Sunderland 
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analytical reagents 


with actual 


batch analysis 


ZINC OXIDE A.R. 


ZnO Mol. We. 81:38 


ACTUAL BATCH ANALYSIS 


(Not merely maximum impurity values) 


Batch No, 23565 


Carbonate 
Chloride (Cl) 
Sulphate (SO,) 
Iron (Fe) 

0.002% 
Metallic Zinc none 
Oxidisable matter (O) 0.0012% 
Arsenic (As,O,) 


Chemists all over the world are grateful for our care. Our 
policy of having independent analyses made gives chemists 
added confidence in their work. 
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763. Some Preparative Uses of Benzylpenicillinic Ethoxyformic 
Anhydride. 


By R. L. BARNDEN, R. M. Evans, J. C. HAMLet, B. A. HeMs, A. B. A. JANSEN, 
M. E. TREveETT, and G. B. WEBB. 


The mixed anhydride (I), named in the title, which is readily prepared 
from a salt of benzylpenicillin and ethyl chloroformate, reacts with amines to 
form amides, with alcohols to form esters, and with thiols for form thiol-esters 
of the antibiotic. Several of the derivatives so prepared are hydrolysed in 
aqueous media to liberate free benzylpenicillin, a property that makes them of 
possible therapeutic interest. 


Esters of benzylpenicillin have attracted relatively little interest in the past largely because 
the first known members, namely, the simple alkyl and aralkyl esters, were devoid of 
antibacterial activity both 7m vitro and in man (though not in mice and rats). Carpenter 
(J. Amer. Chem. Soc., 1948, 70, 2964), however, found that the dimethylaminoethy] ester 
(II; X = —O-CH,°CH,*NMe,) exhibited full activity in the plate bioassay, owing, as he 
showed, to its ready hydrolysis to free penicillin and the amino-alcohol. More recently 
the important discovery has been made that the dialkylaminoethy] esters, particularly the 
hydriodide of the diethylamino-homologue (Estopen), are selectively concentrated in 
inflamed lung tissue : of these, however, only the last mentioned has been tested on human 
subjects; it gave rise to prolonged effective levels of penicillin in their sputa (Friederiksen 
and Nielson, XIIth Internat. Congr. Pure & Appl. Chem., New York, 1951, Abstracts, p. 
284; Jensen, Dragsted, and Kjaer, Ugeskr. Laeg., 1950, 112, 1075; Heathcote and Nassau, 
Lancet, 1951, I, 1255; Ungar and Muggleton, Brit. Med. J., 1952, 1211). 

These findings led us to search for further esters or amides of the antibiotic that might 
be useful therapeutically. A necessary first objective was a preparative method of wide 
application, for the lability of the penicillin molecule prohibits the use of customary pro- 
cedures. Before 1948 the only published method of esterification (“ The Chemistry of 
Penicillin,” Princeton, 1948, p. 92; Kirchner, McCormick, Cavallito, and Miller, ].Org.Chem., 
1949, 14, 398) was the reaction of free benzylpenicillinic acid with diazoalkanes, a route 
severely limited by the latters’ availability. Also of restricted scope are methods involving 
treatment of a penicillin salt with an activated halogen compound, e.g., phenacyl] chloride 
(Cooper and Binkley, J. Amer. Chem. Soc., 1948, 70, 3966; U.S.P. 2,578,570) and diethyl- 
aminoethy] chloride (B.P. 675,422). Two published methods for forming esters and amides, 
however, promised to be of more general application, both of them depending on the 
interaction of an anhydride of penicillin with the appropriate alcohol or amine.* Carpenter 
(loc. cit.) prepared benzylpenicillinic anhydride by treating a solution of triethylammonium 
benzylpenicillinate in pyridine with thionyl chloride, and Cooper and Binkley (loc. cit.) 
synthesised the mixed acetic benzylpenicillinic anhydride by treating acetyl chloride with 
sodium benzylpenicillinate in NN-dimethylacetamide. Both procedures have been 
re-examined by Holysz and Stavely (J. Amer. Chem. Soc., 1950, 72, 4760) who, though 
preferring the former, slightly modified, obtained from it only a 20% yield of methyl 
benzylpenicillinate. In our hands neither method proved particularly effective; the 
second, which we found the better, gave a 16°%, yield of the methyl ester and failed altogether 
with other alcohols tried. 

It appeared to us that better success might be obtained with a more reactive anhydride 
of penicillin and that a suitable compound would be a carbonic ester anhydride, a type of 
intermediate that has been recently employed for peptide synthesis (Boissonas, Helv. Chim. 
Acta, 1951, 34, 875; Vaughan, J. Amer. Chem. Soc., 1951, 73, 3547). We found that ethyl 
chloroformate reacted readily with a solution of triethylammonium benzylpenicillinate in 
chloroform, or with a suspension of the sodium salt in acetone in the presence of a trace of 


* Since this paper was submitted Johnson (J. Amer. Chem. Soc., 1953, 75, 3636) has described similar 
reactions of benzylpenicillinic ethoxyformic anhydride. 
7R 
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pyridine, to form the anhydride (I), which in turn underwent a vigorous reaction with 
cyclohexylamine, as evinced by a brisk evolution of carbon dioxide, to give a practically 
quantitative yield of the crystalline cyclohexylamide (II; X = NH°C,H,,) : 
Ss. an, 
Ph-CH,CO-NH-CH—CGH_ CMe, +} HX —— PhCH,CO‘NH-CH—CH CMe, + CO, + EtOH 
(I) CO—N——CH-CO-0-CO,Et (II) CO—N——CH-CO:X 


A number of other new amides, listed in Table 1, were prepared similarly. It is noteworthy 
that the relatively low specific rotation of the morpholide (-+-89°) appears to be a general 
property of the disubstituted amides, for it is of the same order of magnitude as the specific 
rotation of the piperidide (-+85°) and of the diethylamide (-++-102°) quoted by Holysz and 
Stavely (/oc. cit.). Only one of the substituted amides, namely, the morpholide, showed 
appreciable antibiotic activity (300i.u./mg.) when assayed biologically by routine procedures. 

The anhydride (I) also reacts with alcohols (ROH) in the presence of a tertiary base, to 
form the corresponding esters (II; X = OR). A complicating factor is that the ethanol 
liberated in the reaction may compete with the added alcohol for the remaining anhydride. 
Most of the alcohols in which we were interested were in fact more rapidly esterified than 
ethanol and the products (see Table 2) were not contaminated with ethyl benzylpenicillinate. 
The esterification of liberated ethanol may, moreover, sometimes be avoided by employing 
an excess of the alcohol to be esterified; for example, a 66°% yield of methyl benzylpenicil- 
linate was obtained in this way. 

No known ester of penicillin has antibacterial activity per se; the aforementioned 
activity of the alkyl and aralkyl esters in rats and mice is due to the presence in their sera 
of esterases of the necessary specificity (Meyer, Hobby, and Dawson, Proc. Soc. Exp. Biol., 
N.Y., 1948, 58, 100; Richardson, Walker, Miller, and Hensen, 7b:d., 1945, 60, 272). While 
we do not discount the possibility of finding derivatives susceptible to the hydrolytic 
enzymes in man, our interest has been primarily in preparing esters hydrolysed readily by 
water alone (as is the diethylaminoethy] ester). To measure roughly the rates of hydrolysis 
of the esters prepared, we carried out standard plate assays on their aqueous-alcoholic 
solutions, making the assumption that the intact esters were inactive tm vitro. The solu- 
tions were kept at room temperature for 3 hours before being plated out, as otherwise the 
more rapidly hydrelysed esters did not give reproducible results. It will be seen from Table 
2 that the diethylaminoethyl ester hydriodide and several of its analogues, including the 


diester of 2: 2’-dihydroxytriethylamine, which all possess the grouping -CO-O-CH,'CH,'N=, 
were hydrolysed completely under the conditions of the assay. When the hydrocarbon 
chain separating the nitrogen and the oxygen atom of the diethylaminoethyl ester was 
increased by one or two methylene groups, t.e., in the 3-hydroxypropylamine and 4- 
hydroxybutylamine homologues (which were somewhat impure), the extent of hydrolysis 
was considerably reduced, as it was also when the —NEt, group was replaced by —-NHAc. 
The ready hydrolysis of the hydroxyethylamine esters is probably due to the formation of 
an ethyleneimminium-ion intermediate (see Bartlett, Ross, and Swain, J. Amer. Chem. 
Soc., 1949, 71, 1415). 

Of related interest is the ester of 2-2’-pyridylethanol, which was obtained originally 
from the corresponding diazo-compound by Kirchner e¢ al. (loc. cit.), who noted that it was 
active im vitro. We have prepared the ester by our general procedure and confirmed that 
hydrolysis was complete under the conditions of assay. The ease of hydrolysis does not 
appear to be the result of any inductive effect of the electron-attracting 2-pyridyl group, any 
more than the lability of the hydroxyethylamine ester salts can be ascribed to the positively 
charged nitrogen atom, for the 2-f-nitrophenylethyl and 2-4’-pyridylethyl esters are 
relatively stable to hydrolysis. The ester from 2-3’-pyridylethanol (the alcohol being 
prepared conveniently by reduction of ethyl 3-pyridylacetate with lithium aluminium 
hydride) was equally stable. Contrary to expectation, 2-2’-quinolylethyl benzylpenicil- 
linate also was not readily hydrolysed. (The last three esters could not be obtained pure.) 
It is possible that the lability of the 2-2’-pyridylethyl ester depends on the formation of 
the cyclic pyridinium salt (IV; X = C,;H,;O.N,S°CO-O:), for Loffler (Ber., 1904, 37, 165) 


(1953) 


records that 2-2’-pyridylethyl bromide is converted into (IV; X = Br) when kept at room 
temperature, whereas the corresponding quinolylethyl bromide appears to require heating 
for transformation into (V) (Takahashi, Nishigaki, and Taniyana, Chem. Abs., 1951, 45, 
1997). 
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It seemed possible that one of the contributory factors influencing the ease of hydrolysis 
of carboxylic esters might be the electron availability at the alcohol-oxygen atom and that 
a relative electron deficiency there would facilitate anionoid attack at the carboxyl-carbon 
atom. Convenient compounds on which to test this hypothesis are the phenols, as the 
electron density at their hydroxyl groups can be varied readily by the introduction of 
substituents into the ring. The benzylpenicillin esters of a number of phenols were prepared 
by our standard procedure, and it was found that their hydrolysis rates were in general 
accord with the known electronic effects of the substituent groups. Thus the tolyl ester 
had the same low activity as the phenyl ester, but the activity increased somewhat when 
the substituents MeO, MesN, NHAc, and more markedly when CO,Et, Cl, and NO,, were 
present in the aromatic nucleus. The introduction of a second substituent, as in 2: 4- 
dichloro- and 2: 4-dinitro-phenol, appeared to exert relatively little effect. The assay 
figures, however, indicated that less than 50°, of even the most active ester had been 
hydrolysed under the conditions of test. 

Esters derived from alcohols, in which an unsaturated or “‘ negative” group was attached 
to the carbon atom bearing the hydroxy] group, were also investigated and a wide variation 
of activity was encountered. The preparation of several ketol esters by the interaction of 
sodium benzylpenicillinate and «-halogeno-ketones, such as, for example, phenacy] chloride 
and chloroacetone, has already been described (Cooper and Binkley, U.S.P. 2,578,570) ; 
these compounds were shown to be readily hydrolysed. We have found that the acetoin 
ester (prepared from bromoethyl methyl ketone) also shows a high activity on bioassay ; 
the ester from furoin (prepared by the ethoxyformic anhydride method) is less active, and 
the butyroin ester (similarly prepared) is almost inactive. Other esters in this category 
(see Table 2) showed at best only low activity with the rather surprising exception of the 
furfuryl ester which gave an assay of 750 i.u./mg. 

A group of compounds of particular interest were the benzylpenicillin esters of hydroxy- 
methylene derivatives of cyclohexanone, ethyl phenylacetate, and 2-phenyloxazol-5-one, 
which were readily prepared by the ethoxyformic anhydride route. Each of these esters, 
which may be regarded as the vinylogue of a mixed carboxylic acid anhydride, was exten- 
sively hydrolysed under the conditions of test. 

A further application of the ethoxyformic anhydride (I) lies in its reaction with thiols 


TABLE 1. Amides. 


ry120 
(c a = Yield Found (%%) Required (%) 
Amine CHC],) M. p.* lormula Cc H N C H N 
Allylamine _......... }- 225 154—155° (a) 54 CygH,0;N3585 — — 110 — — 11-25 
2-Aminopyridine .... +227 Gum 66 C,,H,,0O;N,S - — 13-3 - — 13-65 
cycloHexylamine ... +246 197-5—199 (b 84 C,.H.,0O,N;S 63:8 7-0 9-85 63-6 7-05 10-1 
2 : 2-Dimethylceyclo- 
hexylamine ...... 1213 218—220 ( 65 C,H ,,0,N,S 65-0 76 92 65:0 7:5 9-45 
2-Hydroxyethyl- 
GURINO. con os énocbs +256 149 —151 (a 86 = C,,H,,;0O,;N,5 57-1 64 10-95 57-3 6:15 11-15 
trans-2-Methylceyclo- 
hexylamine ...... +213 218—220 (a 50 C,3H3,0;N,S 64-2 7:4 9-85 64:3 7-3 9-8 
Morpholine ......... + 89 176-5—178 (a) 78 Cy,H.;,0O.N,5 596 6:15 10-9 59-55 6:25 10-4 
p-Toluidine ......... L286 192193 ( 86 C,,H,,0,N,S 65:3 63 9:95 65:25 5-95 9-9 
CRVOURE: < coccaccnsceaes +200 -- 30 C,,H,,0;N;35 — — 10-2 — 10°75 
isoNicotinoylhydr- 
AZIGE vecscsssssccces “Ree 109—113 (d 29) Cy.H,0,N355 — — 15-7 —_ — 15-40 


* Solvent for recrystallisation : (a) ethyl acetate-light petroleum; (b) ethyl acetate; (c) acetone; 
(d) aqueous ethanol. 
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(RSH), in the presence of a base, to form the corresponding benzylpenicillin thio-esters 
(II; X = SR) (cf. Wieland, Schafer, and Bokelmann, Annalen, 1951, 578, 99). In this 
way we prepared the ester of thiophenol, which was slightly more active than the phenyl 
ester, and the thio-analogue (X = —S°CH,°CH,*NEt,) of the diethylaminoethy! ester, 
which had only half the activity of the oxygen compound. 


EXPERIMENTAL 

Benzylpenicillinic Ethoxyformic Anhydride (1).—Ethyl chloroformate (1-1 g., 0-01 mole) was 
added to an ice-cooled solution of triethylammonium benzylpenicillinate (4-35 g., 0-01 mole) in 
dry chloroform (10 c.c.). After 10 min. the solution was washed twice with ice-cold water to 
remove the triethylamine hydrochloride, dried (MgSO,), and evaporated at 0°/0-1 mm. The 
anhydride obtained thereby was an almost colourless gum (1-95 g.), [x]) +-159° (¢ = 1 in CHCI,) 
(Found: C, 55-9; H, 5-65; N, 6-95. C,H.» O,N,S requires C, 56-15; H, 5-45; N, 6-9%). 

General Procedure for the Preparation of Amides.—The following method was employed for 
synthesising most of the amides listed in Table 1. When novel features were introduced the 
preparations are described separately below. 

A solution of the anhydride (I) (0-01 mole) in chloroform (10 c.c.) was prepared as above, save 
that water washing was omitted, and the appropriate amine (0-01 mole) was added, causing 
usually a vigorous evolution of carbon dioxide. The reaction was complete after 30 min. at 
0° and the solution was washed successively with water, 0-1M-citric acid, 0-2M-disodium hydrogen 
phosphate, and water. The product was isolated by evaporation of the solvent under reduced 
pressure and recrystallisation of the residue. Data relating to the individual amides and the 
solvents employed for their crystallisation are given in Table 1. 

Alternatively the anhydride could be prepared by treating sodium penicillinate (3-56 g., 
0-01 mole) in acetone (25 c.c.) containing pyridine (3 drops) with ethyl chloroformate (1-1 g.). 
A rapid reaction ensued in which the sodium penicillinate dissolved and sodium chloride was 
precipitated. After filtration the resulting solution could be used for the preparation of amides 
as described above, the obvious modifications being introduced during working up to take 
account of the change of solvent. 

Benzylpenicillinoylglycitne.—The anhydride (1) (prepared as above from 8-7 g. of triethyl- 
ammonium benzylpenicillinate) in chloroform (40 c.c.) was added to a solution of glycine (2-25 g.) 
in water (25 c.c.) to which sufficient N-sodium hydroxide (2—3 c.c.) had been added to bring 
the pH to 7-5—8. The mixture was stirred vigorously, more sodium hydroxide solution being 
added at intervals to maintain the pH at the initial value. Stirring was continued for 1 hr. after 
the mixture had ceased to require the addition of further alkali, then the aqueous layer was 
separated and acidified. The gummy solid was collected in chloroform and washed with water 
and dilute acid, and the solvent evaporated. The residue was purified by trituration with dry 
ether to give a white amorphous solid. The acid and its triethylamine and 1-ethylpiperidine 
salt failed to crystallise. 

N-Benzylpenicillinoyl-N’-isonicotinoylhydrazine.—The preparation was carried out by the 
general procedure, save that triethylamine (4 drops) was added to the mixture to promote 
reaction between the ethoxyformic anhydride and isonicotinoylhydrazine and stirring was 
continued at room temperature until all the solid had dissolved (45 min.). 

General Procedure for the Preparation of Esters.—The anhydride (1) was prepared in chloro- 
form as before and the alcohol (0-01 mole) and triethylamine (5 drops) were added. The reaction 
was allowed to proceed under conditions appropriate to the particular alcohol (see Table 2), and 
the chloroform solution was then washed successively with water, 0-1m-citric acid (omitted with 
basic esters), 0-2m-disodium hydrogen phosphate solution, and water, Most of the solvent was 
evaporated under reduced pressure and the residue was washed with chloroform or ethyl acetate 
through a column of alumina (100 g.; Peter Spence, Type H, weakened by treatment with 10 
c.c. of 5% aqueous acetic acid) which removed any unchanged anhydride and other impurities. 
Evaporation of the solvent, finally in a high vacuum, left the desired ester, usually substantially 
pure. The physical constants, analyses, and activities, by bioassay, of the esters, together 
with the solvents employed for crystallisation where this proved possible, are given in 
Table 2. 

The preparation of a few of the esters differed from the standard procedure in certain details, 
which are described in the following notes. 

Methyl Benzylpenicillinate.—A solution of the anhydride (I) in acetone (25 c.c.) containing 
pyridine (5 drops) was prepared from sodium penicillin (3-56 g.) and ethyl chloroformate (1-1 g.) 
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as described above and methanol (10 c.c.) was added. After 1 hr. at 0° the mixture was poured 
into a large volume of water, and the product collected in chloroform. Evaporation of the 
solution, after washing in the usual way, and recrystallisation of the residue from carbon tetra- 
chloride—light petroleum yielded the pure ester (2-12 g., 66%), m. p. 96-5—97-5°, not depressed 
on mixture with an authentic specimen. 

Diethylaminoethyl Benzylpenicillinate Hydriodide.—Ethyl chloroformate (54:25 g.) in ether 
(50 c.c.) was added gradually to an ice-cooled stirred suspension of benzylpenicillin 1-ethylpiperid- 
ine salt (223-5 g.) in acetone (300 c.c.) and ether (300 c.c.) with pyridine (5 drops). After 45 
min. the mixture was filtered and the filtrate added to an ice-cold solution of diethylaminoethanol 
(64-35 g.) in acetone (50 c.c.). Most of the solvent was removed in vacuo and the residual 
yellow oil (266 g.) was dissolved in a cold solution of acetic acid (40 c.c.) in water (670 c.c.). 
After treatment with charcoal (40 g.) the filtered solution was stirred in an ice-bath while 
sodium iodide (100 g.) in water (500 c.c.) was added dropwise during 2 hr., seed crystals of the 
product being added when the mixture became cloudy. The colourless crystalline hydriodide 
(236 g.) that separated was collected, washed with water, and dried in vacuo. 

2-Morpholinoethyl Benzvipenicillinate Hydriodide.—Ethyl chloroformate (10-85 g., 0-1 mole) 
in dry ether (40 c.c.) was added with stirring to an ice-cooled suspension of finely divided sodium 
penicillinate (35-6 g., 0-1 mole) in acetone (125 c.c.) containing pyridine (5 drops). After 30 
min. the solution was filtered through a kieselguhr pad into a solution of morpholinoethanol 
(13-1 g., 0-1 mole) in acetone (50 c.c.) cooled inice. The mixture was stirred for 10 min. and then 
cooled more strongly while a solution (50 c.c.; 16%) of acetic acid in acetone was added at such 
a rate that the temperature did not exceed 0°. The solvent was removed at 0° under reduced 
pressure until the residue weighed ca. 90 g. (t.e., a 55—60% solution of the base acetate). Ice- 
water (400 c.c.) was added with vigorous stirring to give a clear solution, which was seeded and 
then treated dropwise with sodium iodide (20 g.) in water (100 c.c.). Further water (200 c.c.) 
was added and stirring continued until the precipitate, which was initially gummy, had solidified 
(1 hr.). The solid hydriodide was collected, washed with a little water, dried, and purified by 
refluxing for a short time with acetone (160 c.c.) to give colourless prisms (40-5 g.), m. p. 173—- 
175°. A sample for analysis, recrystallised from 80% aqueous acetone (recovery only 57%), 
had m. p. 175-5—178-5°. 

2-(2’ : 6’-Dimethylmorpholino)ethyl Benzylpenicillinate Hydriodide.—The ester base was 
prepared by the general method (on five times the scale described), the reaction being allowed 
to proceed for | hr. at room temperature. The resulting gum, isolated without chromatography, 
was taken up in ?sopropanol (100 c.c.), and constant-boiling hydriodic acid (ca. 7 c.c.) was added 
until a drop of the solution on moist Universal Indicator paper showed a pH of <3. When 
crystals began to form, more isopropanol (150 c.c.) was added gradually with shaking (too rapid 
addition precipitates a gum) and the solid (8-65 g.), m. p. 140—147°, was collected. The crude 
product could be recrystallised from ethanol or from methanol-ether, but purification was 

effected most economically by trituration with a cold mixture of acetone (12 c.c.) and ethanol 
(12 c.c.), which gave colourless prisms (4:3 g.), m. p. 164—165°. 

1-Morpholinoprop-2-yl Benzylpenicillinate Hydriodide.—Ethyl chloroformate (2-2 g.) was 
added to a stirred suspension at 0° of sodium benzylpenicillinate (7-1 g.) in acetone (50 c.c.) 

containing pyridine (2 drops); after 10 min. the precipitated sodium chloride was removed by 
filtration through a pad of kieselguhr. 1-Morpholinopropan-2-ol (3-9 g.) was added to the 
filtrate, and the solution was concentrated in vacuo to a small volume. The addition of light 
petroleum precipitated the desired ester, which was freed from the supernatant liquid and was 
then taken up in ether (100 c.c.) and filtered from any solid material. Treatment of this solution 
dropwise at 0° with an ethereal solution of hydriodic acid (0-2N; 80 c.c.) precipitated the 
hydriodide as a pale yellow amorphous powder (6 g.), which decomposed when heated. 

2: 2’-Dihydroxytriethylamine Diester Hydrochloride of Benzylpenicillin.—The ester base, 
prepared by the general procedure (on twice the scale described) with a reaction time of 3 days at 
0°, was obtained as a yellow gum (7-1 g.). This was dissolved in isopropanol (100 c.c.) and treated 
with zsopropanolic hydrogen chloride (N; 10 c.c.) and then with a large volume of ether. 
Repeated trituration of the gum that separated with fresh ether gave a pale buff amorphous 
hydrochloride (4-1 g.) of indefinite m. p. The Aydriodide was prepared similarly from the ester 
base (2-5 g.), by means of ethereal hydrogen iodide, as a yellow amorphous powder. 

3-Diethvlaminopropyl Benzylpenicillinate Hydriodide.—The ester base was prepared by the 
general procedure save that triethylamine was omitted, with reaction for 30 min. at 0°. The 
oily product (8-3 g.) in isopropanol (100 c.c.) was treated with constant-boiling hydriodic acid 
(1-6 c.c.) and the mixture warmed to effect dissolution. After dilution of the solution with dry 
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ether (100 c.c.) and cooling, the solvent was decanted from the precipitated gum, which was 
triturated repeatedly with fresh portions of ether until a pale yellow amorphous solid (5-6 g.) 
was obtained. The salt was of indefinite m. p. and did not crystallise. 

4-Diethyvlaminobutyl Benzylpenicillinate Hydriodide.—This compound was prepared in the 
same way as its lower homologue and was obtained as an almost white amorphous solid. 

2-3’-Pyridylethanol.—A standard ethereal solution (0-8M; 22 c.c.) of lithium aluminium 
hydride was added dropwise to a vigorously stirred solution of methyl 3-pyridylacetate (3-4 g.) 

Schwenk and Papa, J. Org. Chem., 1946, 11, 798; Malan and Dean, J. Amer. Chem. Soc., 1947, 

69, 1797) in dry ether (50 c.c.) at such a rate that the mixture refluxed gently. Stirring was 
continued for 45 min. after the addition was complete and the solid complex was then decomposed 
with a saturated solution of sodium potassium tartrate (5 c.c.). The supernatant liquid was 
decanted and the residue washed several times with chloroform. Evaporation of the combined 
solutions and distillation of the product yielded a colourless oil (2-1 g.), b. p. 148°/15 mm. 
phenylurethane, m. p. 101—102° (from ethanol) (lit., m. p. 100—102°)}. 

1-Methylacetonyl Benzylpenicillinate—A mixture of triethylammonium benzylpenicillinate 
(2:17 g.), 1-bromoethyl methyl ketone (1-5 g.), pyridine (3 drops), and ‘acetone (10 ¢.c.) was 
refluxed for 30 min. The resulting solution was filtered from the triethylamine hydrobromide 
and evaporated under reduced pressure. The residue was taken up in chloroform and washed 
and chromatographed, as in the general procedure, to yield a gummy ester (1-9 g., 94%) that 
failed to crystallise. 

2-Pyridyimethanol.—Ethy] picolinate (7-55 g.) was reduced with lithium aluminium hydride 
(38 c.c. of M-solution) as described above for methyl 3-pyridylacetate. The product was obtained 
as a colourless oil (2:4 g.), b. p. 110°/12 mm. (Found: N, 12-4. Calc. for CgH;ON : N, 128%) 
fpicrate (from ethanol), m. p. 157—159° (lit., m. p. 159°)]. 

3-Pyridylmethanol (cf. B.P. 631,078).—This compound was prepared similarly, but on twice 
the scale, from ethyl nicotinate (15-1 g.), being obtained as a colourless oil (8-3 g.), b. p. 141 
142°/14 mm. [picrate (from ethanol), m. p. 159—160° (lit., m. p. 128°, 158°)} (Found: N, 
16-9. Calc. for Cy,H,gOgN,: N, 16-5%). 

4-Benzylpenicillinoyloxymethylene -2-phenyloxazol -5-one.—4-Hydroxymethylene - 2-phenyl- 
oxazolone (0-9 g.) was added to a chloroform solution of the anhydride (I) containing triethyl- 
amine, as in the general procedure, and the reaction mixture was kept at room temperature for 
5 min. only. The solution was extracted in the normal way, but the treatment with weakened 
alumina was omitted, as the product was too strongly adsorbed. The solvent was evaporated 
in vacuo and the residue was thoroughly triturated with dry ether, which was discarded. The 
remaining gum was dissolved in a little methanol and ether was added. The resulting solution 
was decanted from the tar that separated and was evaporated under reduced pressure, leaving 
a brittle gummy ester (0:8 g.). 

2-Diethylaminoethyl Benzyl(thiolpenicillinate).—Reaction of 2-diethylaminoethanethiol with 
the anhydride (I) under the standard conditions (triethylamine being omitted) was rapid and 
required only 10 min. at 0°. The crude basic ester was unstable in solution, but was isolated as a 
pale pink crystalline solid, m. p. 82—-84°, by pouring the concentrated chloroform solution into 
a large volume of light petroleum and cooling in a refrigerator for several hours. A sample for 
analysis was recrystallised from warm isopropanol with rapid cooling in ice and gave colourless 
laths, m. p. 85—86°. 

The crude basic ester (1-1 g.) in tsopropanol (20 c.c.) was treated with 7sopropanolic hydrogen 
chloride solution (N; 2-9 c.c.), whereupon the hydrochloride (1-1 g.), m. p. 180-——181°, crystallised 
on cooling. A sample, recrystallised from methanol-ether, gave colourless needles, m. p. 183— 
184°. The hydriodide, m. p. 162—-165°, prepared similarly, formed prisms, m. p. 171—174°, 
from methanol containing a trace of ether. 


Miss H. King and Mrs. J. Clarke carried out, respectively, the microanalyses and the bio- 
assays here recorded, for which we thank them. 


RESEARCH AND DEVELOPMENT Division, GLAXO LABORATORIES, LTD., 
GREENFORD, MIDDLESEX. Received, June \st, 1953.) 
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764. The Structure of the Hydrogen Maleate Anion: A Symmetric 
Hydrogen Bond ? 


By H. M. E. Carpwett, J. D. Dunitz, and L. E. ORGEL. 


The conditions necessary for the formation of a symmetric hydrogen bond 
may occur in the acid maleate anion. The infra-red evidence is discussed. 


In hydrogen bonds, the hydrogen atom is usually closer to one of the atoms it connects 
than to the other (Pauling, “‘ Nature of the Chemical Bond,” Cornell, Ithaca, N.Y., 1940, 
p. 301 et seg.; Donohue, J. Phys. Chem., 1952, 56, 502; Davies and Thomas, J., 1951, 
2858; Cochran, Acta Cryst., 1953, 6, 260). Only in very special cases are hydrogen bonds 
expected to be symmetric and only in one case, potassium hydrogen fluoride, is there 
unequivocal evidence for such symmetry (Westrum and Pitzer, J. Amer. Chem. Soc., 
1949, 71, 1940; Peterson and Lévy, J. Chem. Phys., 1952, 20, 704). The possibility that 
the intramolecular O-H-O bond in nickel and palladium dimethylglyoximes is symmetric 
has also been discussed recently (Godycki, Rundle, Voter, and Banks, J. Chem. Phys., 
1951, 19, 1205; Rundle and Parasol, ibid., 1952, 20, 1487). Here we wish to point out 
that the hydrogen maleate ion provides those conditions under which a symmetric O-H-O 
bond might exist, and to provide relevant infra-red evidence. 

Shahat (Acta Cryst., 1952, 5, 763) has shown by X-ray analysis that in crystalline 
maleic acid the intramolecular O-H-O distance is abnormally short, 2-46 A. This distance 
is fairly close to that, 2-30 A, expected for a symmetric bond (Donohue, Joc. cit.), but, 
nevertheless, the bond distances in the two carboxyl groups show quite conclusively that 
the hydrogen atom is more firmly associated with one than with the other. The molecule 
can be represented as in (I). The hydrogen atom of carboxyl group B forms an inter- 


HC Oo HC o> 
| H (A) | H+ 
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\cZ ad 
OH (B) O 
molecular hydrogen bond of length 2:75 A. This atom can be ionised with remarkable 


ease (K, = 1-2 x 10%; compare K, for fumaric acid, 9-5 x 10-4), an effect attributable 
to the relatively close approach of hydrogen atom A to carboxyl group B, as Hunter has 
pointed out (Chem. and Ind., 1953, 17, 154). Since proton A repels proton B, it follows 
that removal of proton B to give the acid maleate ion should cause proton A to move 
towards carboxyl group B. This suggests that the internal hydrogen bond is more nearly 
symmetric in the acid maleate ion than in maleic acid itself. Further, from consideration 
of the electronic structure of the acid maleate ion, one can see that the conjugated system 
will facilitate the formation of a symmetric bond by favouring the equivalence of the two 
carboxyl groups. Similar considerations are, of course, applicable to the corresponding 
phthalic acid case although here the internal O-H:O distance in the acid in unknown. 

We have examined the infra-red spectra of maleic acid, anhydrous potassium hydrogen 
maleate, and some deuterated derivatives, and we find that they are consistent with a more 
symmetric structure for the hydrogen maleate anion than for the acid. The spectrum of 
the hydrogen maleate is remarkably simple as compared with that of maleic acid (Figs. 1 
and 2). Detailed assignments of the bands cannot be made unambiguously, but neverthe- 
less certain conclusions can be reached. First, the absence of any strong absorption before 
1575 cm.! and at 1260 cm.! in potassium hydrogen maleate is not compatible with a 
superposition of carboxyl group and carboxylate ion spectra. The spectrum observed is 
similar to that of an anion. We may conclude, contrary to Davidson (1bid., p. 408), that 
the internal hydrogen bond is retained and also that the hydrogen atom is not sufficiently 
firmly bound to either carboxy] group to produce the characteristic carboxyl group spectrum. 
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Further support for this interpretation is given by a more detailed but tentative dis- 
cussion of the more prominent features of the spectrum. Increase in hydrogen-bond 
strength is accompanied by weakening, broadening, and shifting to longer wave-length of 
the O-H band (Rundle and Parasol, loc. cit; Lord and Merrifield, J. Chem. Phys., 1953, 
21, 166). In maleic acid the doublet centred at 2000 cm.-! has been assigned to O-H 
(Lord and Merrifield, /oc. cit.), and it is certainly in a region in which deuteration produces 
changes. On the other hand, deuteration of the hydrogen maleate produces no marked 
change above 1600 cm."!. We may infer that the hydrogen bond in the latter is particularly 
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Fic. 3. Infra-red spectra (2—8-5 ) of phthalic acid 
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strong. In the acid the rather strong band at 1630 cm.-! may be the C—C stretching 
frequency. If so, its disappearance in the salt would be consistent with a more symmetric 
structure. Since the band at 1700 cm.*! in maleic acid can be assigned with confidence 
to C—O stretching of the carboxyl group which forms the external hydrogen bond, the 
only reasonable alternative for the 1630 cm.! band is C—O stretching of the other car- 
boxyl group, in which case its disappearance in potassium hydrogen maleate is even stronger 
evidence for a very strong hydrogen bond. 

Our results, therefore, establish the existence of an exceptionally strong hydrogen bond 
in potassium hydrogen maleate. It is tempting to postulate a structure in which a proton 
lies between two carboxyl anions to form the symmetric anion (II), but it seems wiser to 
await the results of X-ray and neutron-diffraction studies before coming to any definite 
conclusions. 
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The infra-red evidence (Fig. 3) for phthalic acid and its corresponding derivatives has 
also been examined. Considerations similar to those outlined above indicate that the 
internal hydrogen bond in potassium hydrogen phthalate is stronger than in phthalic 
acid, but not as strong as in potassium hydrogen maleate. 


EXPERIMENTAL 

Deuteromaleic acid was prepared (a) by distillation of a solution of maleic acid in 99-75% 
deuterium oxide, and (b) by dissolution of maleic anhydride in warm deuterium oxide and 
evaporation at room temperature in vacuo. The two specimens gave identical infra-red spectra. 

Potassium deuterium maleate was prepared by dissolution of anhydrous potassium hydrogen 
maleate in deuterium oxide and concentration as in (a) and (b) above. The two specimens 
gave identical infra-red spectra. 

X-Ray powder photographs showed that no change in crystal structure occurs on deuter- 
ation of either maleic acid or potassium hydrogen maleate. 

Potassium hydrogen maleate, prepared by evaporation of an aqueous solution of potassium 
hydrogen carbonate and maleic acid, is anhydrous, contrary to the description as a hemi- 
hydrate by Biichner (Annalen, 1844, 49, 62). The crystals occur as orthorhombic needles or 
tablets with a = 4-54 A, b = 7-78 A, c = 15-95 A. The space group is either C3, (Pbc2,) or 
D}i (Pbcm), probably the former. The density, determined by flotation in ethylene dibromide— 
benzene, is 1-82 g.cm.%, leading toa molecular weight of 154 [Calc. for KH(C,H,O,): M, 154), for 
4 molecules in the unit cell. 

Infra-red spectra on paraffin and perfluorokerosene mulls were recorded on a Perkin-Elmer 
double-beam spectrophotometer Model 21 by Dr. F. B. Strauss with the technical assistance of 
Mr. F. H. L. Hastings. 
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765. The Preparation and Properties of Certain Diazadimethin 
Cyanine Salts. 
By R. H. GLAverT, FREDERICK G. MANN, and A. J. TETLOW. 


Several substituted [3-indole]/2-benzothiazole|diazadimethincyanine salts 
have been prepared : all prove to be powerful desensitisers. A brief discus- 
sion of their absorption spectra and of those of the analogous monoazadi- 
methin compounds is added. 


It has been shown by Mann and Haworth (/., 1944, 670) that 1 : 2-disubstituted 3-nitroso- 
indoles (I) readily condense with the quaternary salts of many heterocyclic nitrogen 
compounds having appropriate reactive methyl groups to give the corresponding «-azadi- 
methincyanine salts. For example, l-ethyl-3-nitroso-2-phenylindole (I; R = Et, R’ = Ph) 
condenses with 2-methylbenzothiazole ethiodide (II; R’’ = Et) to give [1-ethyl-2-phenyl- 
3-indole]/3-ethyl-2-benzothiazole]-x-azadimethincyanine iodide (III; R= R” = Et, 
R’ = Ph). Similar compounds were obtained by using the quaternary salts of 2- and 
4-picoline, quinaldine, lepidine, tetrahydrobenzothiazole, benzoselenazole, etc. 
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An alternative but less convenient synthesis of certain members of this series was later 
developed by Huang-Hsinmin and Mann (/., 1949, 2903), who condensed 3-amino-1-ethyl- 
2-phenylindole (IV; R = Et, R’ = Ph) and its 1 : 2-diphenyl analogue with quinoline-2- 
aldehyde to give the Schiff’s base (V), which when quaternised gave the same «-azadimethin- 
cyanine salts as were prepared in this series by the earlier method. 

All the above azadimethincyanines proved to be photographic desensitisers, and thus 
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conform with Kendall's empirical rule (J. Soc. Dyers and Col., 1936, 52, 13) that when the 
nitrogen atom in a polymethin chain of a cyanine is separated from both the heterocyclic 
nitrogen atoms by an odd number of carbon atoms, the cyanine will be a sensitiser, but 
when separated from either of these nitrogen atoms by an even number of carbon atoms, 
the cyanine will be a desensitiser. 
(IV) [ ‘\ ey. a> R ] ENCHAy \# V) 
WN Y/N 
IN Rk 
It was therefore of considerable interest to investigate the diazadimethincyanine salts 
corresponding to certain of the above monoazadimethin compounds, although for synthetic 
reasons the range of our compounds was now much more restricted. In early experiments, 
we attempted to diazotise the methyl methosulphate of 2-aminobenzothiazole in order to 
couple the product with a 1 : 2-disubstituted indole in the 3-position, but this diazotisation 
proved uniformly unsatisfactory, in spite of the use of a variety of conditions. 


KO 


A solution of 2-aminobenzothiazole in 75°, sulphuric acid underwent satisfactory 
diazotisation, however, since the subsequent addition of an ethanolic solution of the 1 : 2- 
disubstituted indole followed by neutralisation precipitated the deep orange or red azo- 
compounds (VI). In this way the 1 : 2-dimethyl, 1-methyl-2-phenyl, 2-p-chlorophenyl-1- 
ethyl, and the 1 : 2-diphenyl members were prepared, these compounds being selected to 
give a reasonable range of alkyl and ary] substituents. 

Attempted quaternisation of the thiazole-nitrogen with boiling methyl iodide gave only 
impure products. When, however, the azo-compounds (VI) were heated with methyl 
toluene-p-sulphonate, the crystalline [1 : 2-disubstituted 3-indole]{3-methyl-2-benzo- 
thiazole|}diazadimethincyanine toluene-f-sulphonates (VII; R’ = Me, X = C,H,SO,) 
were usually readily isolated and on treatment with sodium iodide solution gave the 
brownish-black crystalline cyanine iodides (VII; R’’ = Me, X = I). 
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The optical properties of these four diazadimethincyanine salts (sulphonates or iodides) 
have been investigated by Imperial Chemical Industries Limited, Dyestuffs Division, who 
find that the salts when incorporated in a chlorobromide emulsion exert a strong desensitis- 
ing action. These compounds provide a particularly interesting example of Kendall’s 
rule, since of the two nitrogen atoms of the diazadimethin chain in compounds of type 
(VII), the first is separated by an even, and the second by an odd, number of atoms from 
both the two heterocyclic nitrogen atoms. The position of the second nitrogen atom 
might therefore be expected to entail sensitising action; one of these compounds does in 
fact show slight sensitisation at 570—600 my at great dilution, and it is possible that the 
other three have similar properties, although this has not been rigorously tested. The 
desensitising action determined by the position of the first nitrogen atom, however, clearly 
heavily predominates over this weak sensitising property. 

In view of the fact that our compounds of type (VII) apparently represent the first 
recorded series of diazadimethincyanine salts, a comparison of their absorption spectra 
with those of the corresponding monoazadimethin salts of type (III) should prove of interest. 
Certain practical difficulties have, however, limited the scope of this comparison. In the 
annexed Figure, A and B represent the absorption spectra of [2-p-chlorophenyl-1-ethyl- 
3-indole]- and [1 : 2-dipheny]-3-indole}-[3-methy]l-2-benzothiazole}-«-azadimethincyanine 
iodide (as III) in 1-5 and 1-8 « 10°5m ethanolic solution respectively. These solutions were 
stable throughout the determination, and the spectra were reproducible without change. 
It is noteworthy that the nature of the indole substituents has remarkably little effect on the 
spectra. 

The curves C and D represent the spectra of the analogous diazadimethincyanine iodides 
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(as VII) in 6-9 and 5-2 x 105m ethanolic solution respectively (the scale of logy) ¢ values for 
C and D having been raised above that of A and B to avoid superposition). It is note- 
worthy that C is similar in general type to A and B, whereas D shows a marked minimum 
at 450 mu which is absent in A, B, and C. When the concentration of the 1 : 2-diphenyl- 
3-indole derivative (as VII) was reduced from 5-2 to 1-6 x 105M, aspectrum almost identical 
with the original D was obtained, and these spectra at both concentrations were also 
reproducible without change. When, however, the concentration of the 2-p-chloropheny]l- 
1-ethyl-3-indole derivative (as VII) was reduced from 6-9 to 1-4 x 10°5M, the absorption 
underwent a steady and general decrease (with the transient appearance of a minimum at 
455 mu) during its determination, and no reliable and constant results could therefore be 
obtained. The 1-methyl-2-phenyl-3-indole analogue (as VII) behaved similarly. It is 
possibly significant that the spectrum of the 2-p-chlorophenyl-1-ethyl-3-indole compound 
was almost unaffected by 10 hours’ exposure to normal electric light or by 1 hour’s exposure 
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to ultra-violet light from a mercury lamp. The change thus appeared to be caused by 
exposure to the light of the tungsten lamp in the spectrometer, for this exposure caused the 
bright red colour of the dilute solution of the 2-f-chlorophenyl-1l-ethy]-3-indole compound 
to fade to a very pale brown. These factors render difficult a reliable interpretation of the 
marked difference between C and D, particularly in view of the close similarity of A and B. 
Moreover, an intensive investigation would be required to determine whether, when the 
transient minimum at 455 my developed in the modified curve C, the temporary similarity 
of this curve and D was co-incidental or not. 

It should be added that [1 : 2-dimethyl-3-indole}/3-ethyl-2-benzothiazole}dimethin- 
cyanine iodide has been prepared by Brooker, Sprague, Smyth, and Lewis (J. Amer. Chem. 
Soc., 1940, 62, 1116) : its spectra in pyridine and in nitromethane differ markedly from those 
described above. 


EXPERIMENTAL 


Consistent and reasonably sharp m. p.s could be obtained for the cyanine salts (I1I and VII) 
only if they were immersed in a heating-bath just below their m. p.: this temperature of immer- 
sion is stated in parentheses after the m. p. 

3-(2-Benzothiazolylazo)-(1 : 2-disubstituted indoles) (V1).—A solution of 2-aminobenzothiazole 
(1-5 g.) in sulphuric acid (18 c.c.) previously diluted with water (10 c.c.) was cooled to 5°, anda 
solution of sodium nitrite (0-8 g., 1-1 mols.) in water (8 c.c.) was slowly added with stirring. The 
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yellow diazonium solution was set aside for 30 min. at 10°, and a solution of the indole (0-5 mol.) 
in ethanol (25 c.c.) then added dropwise with stirring, the temperature being kept below 20°. 
After a further 30 min., the deep maroon-coloured solution was poured on ice and neutralised 
with 20% aqueous potassium hydroxide. The azo-compound was collected, extracted wth 
hot water (2 x 100 c.c.) to remove potassium sulphate, dried, and recrystallised from acetic 
acid. 

3-(2-Benzothiazolylazo)-1 : 2-dimethylindole (VI; R = R’ = Me) formed orange-red needles, 
m. p. 213-——-214° (Found: C, 66-6; H, 5-0; N, 18-0. C,,H,,N,S requires C, 66-6; H, 4-6; 
N, 18-3%) : 44%. 

The 1-methyl-2-phenyl analogue (VI; R = Me, R’ = Ph) formed crimson needles, m. p. 
243-5—245° (Found: C, 71-6; H, 4:3; N, 14-9. C,,H,,N,S requires C, 71:7; H, 4-4; N, 15-2%) : 
62%. The 2-p-chlorophenyl-1-ethyl analogue (VI; RK = Et, R’ = C,H,Cl) formed orange needles, 
m. p. 238—239° (Found: C, 66-5; H, 4-4; N, 13-5. C,,H,,N,CIS requires C, 66-3; H, 4:1; 
N, 13:5%): 57%. The 1: 2-diphenyl analogue (VI; R= R’ = Ph), orange-red rhombs, 
had m. p. 285-5—286-5° (Found: C, 75-15; H, 4-3; N, 12-7. C,,H,,N,S requires C, 75-3; H, 4-2; 
N, 13:0%) : 61%. All the above compounds gave orange-coloured solutions in ethanol. 

After this work had been completed, the successful diazotisation of aminobenzothiazole in 
dilute sulphuric acid containing formic acid was reported by Colonna and Risalti (Gazzetta, 
1952, 82, 31). 

The [1 : 2-Disubstituted 3-indole)[3-methyl-2-benzothiazole|diazadimethincyanine Salts (V1II).— 
All the following salts were dried at 50°/0-1 mm. for 16 hr. before analysis. (a) A mixture of 
equal weights of the azo-compound (VI; R = R’ = Me) and methy! toluene-p-sulphonate was 
heated at 80° for 5 min. The initial red melt rapidly formed an almost black solid. The latter 
was triturated with ether to remove unchanged sulphonate, and the residual quaternary salt 
extracted with hot water. The filtered cooled extract, when treated with sodium iodide solution, 
deposited the [1 : 2-dimethyl-3-indole]-cyanine iodide (VII; R= R’ = R” = Me, X= J), 
which after recrystallisation from methanol formed brownish-purple needles (43%), m. p. 
184—185° (180°), giving a dull orange-red ethanolic solution; drying as above gave a stable 
monohydrate (Found: C, 46-2; H, 4:3; N, 11-8. C,,H,,N,IS,H,O requires C, 46-35; H, 4-1; 
N, 12-0%). The above quaternisation, unlike those recorded below, did not proceed satis- 
factorily in an organic solvent. (b) A solution of equal weights of the azo-compound (VI; 
R = Me, R’ = Ph) and methyl toluene-p-sulphonate in xylene (100 c.c./1 g. of mixture) was 
boiled under reflux for 5 hr.; the [l-methyl-2-phenyl-3-indole}-cyanine toluene-p-sulphonate 
(VIL; R = R” = Me, R’ = Ph, X = C,H,’SO,) separated as reddish-brown needles (54%), m. p. 
209—211° (205°), which when collected, washed with benzene, and dried, were pure (Found : 
C, 64:9; H, 4:95; N, 10-3. C3 9H,g.O,;N,5, requires C, 65-0; H, 4-7; N, 10-1%). Recrystallis- 
ation from methanolic ether gave the monohydrate, purple-brown crystals, m. p. 171° (170°) in 
an open tube, 167-5—168° (165°) in a sealed tube (Found: C, 62:7; H, 51; N, 10-1. 
C39H,,0;N4S2,,H,O requires C, 62-9; H, 4:9; N, 98%). This salt, treated in methanolic 
solution with aqueous sodium iodide, deposited the monohydrated iodide, brownish-black needles 
having a green iridescence, m. p. 213—214° (210°), from methanol (Found: C, 52-4; H, 4-05; 
N, 10-6. Cy3H,N,IS,H,O requires C, 52-3; H, 4:0; N, 106%). Both these salts gave red 
methanolic solutions. (c) The azo-compound (VI; R = Et, R’ = C,H,Cl), treated as in (6) but 
with toluene and 45 hours’ boiling, gave the [2-p-chlorophenyl-1-ethyl-3-indole}]-cyanine toluene-p- 
sulphonate (VII; R= Et, R’ = C,H,Cl, R” = Me, X = C,H,°SO,), as pale brown crystals 
(81%), m. p. 159—162° (155°) (Found: N, 9-25. C,,H,,0O;N,CIS, requires N, 9-3%). This 
gave the iodide which separated from methanol as the stable monohydrate, brownish-black 
needles having a green iridescence, m. p. 172—-173-5° (165°) with resolidification and remelting 
at ca. 200° (Found: C, 50-05; H, 3-95; N, 9-9. C,H, »N,CIIS,H,O requires C, 49-95; H, 3-8; N, 
9-79). It formed ared ethanolic solution. (d) The azo-compound (VI; R = R’ = Ph), treated 
as in (b) with 8 hours’ boiling, gave the [1 : 2-diphenyl-3-indole}-cyanine toluene-p-sulphonate 
(VII; R= R’ = Ph, R” = Me, X = C,H,°SO,), black crystals, m. p. 266-5—267° (265°) 
(Found: C, 68-0; H, 4-65; N, 9-3. C,;H,,0,N,S, requires C, 68-2; H, 4-55; N, 9-1%): 49%. 
The todide separated from methanol as black needles, m. p. 225-5° (222°) (Found: C, 58-7; 
H, 3-7; N, 9:65. C,,H,,N,IS requires C, 58-7; H, 3-65; N, 9-8%); it formed a red ethanolic 
solution. The crystals of both the sulphonate and the iodide had a green iridescence. The 
colour of all the above salts varies with the crystalline nature of individual crops; the colour 
of all by normal transmitted light was yellow or orange. 

The following «-azadimethincyanine iodides were prepared for comparison with the corre- 
sponding diazadimethincyanine salts. (i) A solution of 2-p-chlorophenyl-1-ethy]-3-nitrosoindole 
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(0-22 g.) and 2-methylbenzothiazole methiodide (0-24 g., 1 mol.) in methanol (15 c.c.) was boiled 
for 4 hr., and on cooling deposited [2-p-chlorophenyl-1-ethyl-3-indole}[3-methyl-2-benzothiazole}- 
x-azadimethin todide (III; R = Et, R’ = C,H,Cl, R” = Me) as black crystals, which crystallised 
from methanol as the monohydrate, reddish-brown crystals, m. p. 231° (225°) (Found: C, 52-3; 
H, 4:1; N, 7-2. C,3H,,N;ClUS,H,O requires C, 52:15; H, 4:05; N, 7:°3%). (ii) The [1: 2- 


>» 


diphenyl-3-indole] analogue (III; R = R’ = Ph, R” = Me), similarly prepared, when recrys- 
tallised from methanol formed reddish-brown crystals apparently of a monomethanolate, m. p. 
202° (200°) (Found: C, 59-6; H, 4:4; N, 7:25. C,,H,.N;IS,CH,O requires C, 59-7; H, 4-35; 
N, 695%). 

The following report was furnished by Imperial Chemical Industries Limited, Dyestuffs 
Division. 

‘‘ Four compounds of type (VII) were received, namely, (a) R = R’ = Me, R” = Me, X = I 
(monohydrate); (b) R = Me, R’ = Ph, R” = Me, X = C,H,°SO,; (c) R = Et, R’ = C,H,Cl; 
R’” = Me, X =I (monohydrate); (d) R= R’ = Ph, R” = Me, X = C,H,°SO,. The com- 
pounds were dissolved in methanol (1/4000) and coated in a chlorobromide emulsion using 0-5, 
1-5,and 5 mg. per 100g. ofemulsion. In each case strong desensitisation was produced, at the 
lowest concentration amounting to 5, 5, 5, and 6 steps respectively. Fog occurred at higher 
concentrations. In the case of (d), a trace of sensitisation was observed at 570—600 my at the 
lowest concentration. It is possible that all four compounds are both sensitisers and 
desensitisers, with the latter property strongly predominating.”’ 


We are greatly indebted to Imperial Chemical Industries Limited, Dyestuffs Division, both 
for the optical investigation recorded above and for the gift of various intermediate compounds. 
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766. The Preparation and Properties of 10-Phenylphenoxphosphine. 
By FREDERICK G. MANN and IAN T. MILLAR. 


The preparation and properties of the above phosphine, which contains a 
novel heterocyclic system, are described. The significance of the absorption 
spectra of the phosphine and its methiodide is briefly discussed. 


ARSENIC TRICHLORIDE and phosphorus trichloride show a striking dissimilarity in their 
behaviour towards a hot mixture of diphenyl ether and aluminium chloride, for the former 
readily gives 10-chlorophenoxarsine (I) (Turner, D.Sc. Dissertation, Univ. London, 1920; 
Lewis, Lowry, and Bergeim, ]. Amer. Chem. Soc., 1921, 43, 891), whereas phosphorus tri- 
chloride apparently furnishes solely /-phenoxyphenyldichlorophosphine, Ph-O-C,H,°PCl, 
(Davies and Morris, J., 1932, 2880). Although there is no decisive evidence for the cause 
of this difference, it is probable that the first action of the arsenic trichloride is similarly to 
give ~-phenoxyphenyldichloroarsine with smaller quantities of the ortho-isomer. Under 
the influence of the aluminium chloride and the temperature, both these compounds tend 
to form equilibria Ph*O-C,H,:AsCl, + HCl 2% Ph-O-Ph + AsCl,. The ortho-compound 
however also undergoes cyclisation to give the phenoxarsine (I), and since this is an 
irreversible reaction under these conditions, it ultimately becomes the dominant reaction. 
In the phosphorus reaction, Davies and Morris (loc. cit.) were unable to detect the formation 
of any o-phenoxyphenyldichlorophosphine, and, apart from this factor, dismutations of 
the above type occur much less readily in phosphines than in arsines. 

Some evidence which supports this mechanism has been provided by Aeschlimann 
(J., 1927, 413), who showed that phenyldichloroarsine reacts with diphenyl ether and 
aluminium chloride also to form the chloro-arsine (I). It is probable that here the most 
rapid reaction is again the dismutation, 2PhAsCl, — Ph,AsCl + AsCl,, with the tri- 
chloride then fulfilling its above réle. The preparation of 10-alkyl- or 10-aryl-phenox- 
arsines is therefore best performed by the action of the appropriate Grignard reagent on 
the chloroarsine (I) (Aeschlimann, Joc. cit.; Roberts and Turner, /., 1926, 1207). 

To prepare compounds having the novel phenoxphosphine ring system, we have there- 
fore had recourse to 2; 2’-dibromodiphenyl ether. This compound reacts very sluggishly 


(1953 Properties of 10-Phenylphenoxphosphine. 3747 


with magnesium, but readily forms a dilithio-derivative, which when treated with phenyl- 
dichlorophosphine furnishes 10-phenylphenoxphosphine (II) as colourless crystals, m. p. 
94-5—95°, in 63°, vield. 

The heterocyclic system present in (II) is of particular interest, because there is 
considerable stereochemical evidence that the molecules of other analogous tricyclic 
compounds are folded about an axis passing through the two heterocyclic atoms: for 
example, the phenoxarsines (Lesslie and Turner, /., 1934, 1170; 1935, 1051, 1268; 1936, 
730; Lesshie, J., 1949, 1183), the phenoxstibines (Campbell, /., 1947, 4), and the dihydro- 
arsanthrens (Chatt and Mann, /., 1940, 1184). The intervalency angle of oxygen in 
diphenyl ether has been determined by Leonard and Sutton (/. Amer. Chem. Soc., 1948, 
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by Pheth (Z. Naturforsch., 1947, 2a, 409), using X-ray crystal analysis, as 123° + 2°; that 
of tervalent phosphorus in tertiary phosphines is, however, ca. 100° (Springall and 
Brockway, J. Amer. Chem. Soc., 1938, 60, 996), and consequently the phenoxphosphine 
molecule (II) might also be folded about the O-P axis. If this folded structure were stable 
the 10-pheny! derivative (II) might exist in two geometrically isomeric forms, in one of 
which the phenyl group would be projecting within the angle subtended by the two 
o-phenylene groups, and the second in which this group would project behind this angle. 
No evidence of such isomerism has been detected; this may be due either to one of the 
above forms having a markedly greater stability than the other, or to ready oscillation of 
the phenyl group about the O-P axis, thereby rendering the molecule effectively planar. 
When the phosphorus atom in (II) becomes tetrahedral, the increase in the intervalency 
angle at this atom would almost certainly make the three rings virtually coplanar. We 
find that the methiodide (III; R = Me), the phosphine oxide, the phosphinimine (IV), the 
aurous chloride derivative (V), and the corresponding auric trichloride derivative are 
highly crystalline compounds showing no evidence of isomerism. 
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Although some trialkylphosphines are sufficiently basic to form crystalline salts with 
acids (cf. Beeby and Mann, /., 1951, 411), the phenoxphosphine (II) is only very weakly 
basic, as would be expected for a triarylphosphine : it will dissolve readily in hot concen- 
trated hydrochloric acid but the solution on cooling deposits the free phosphine. 

The high stability of the heterocyclic ring in the phosphine (II) is shown by the 
following results: (a) the phosphine is unaffected when its solution in concentrated 
hydrochloric, hydrobromic, or hydriodic acid is boiled, or heated in sealed tubes, for 
considerable periods; (b) when a mixture of the phosphine, bromobenzene, and aluminium 
chloride is heated at 210° for 2 hr., the product, when suitably treated with potassium 
iodide, yields 10 : 10-diphenylphenoxphosphonium iodide (III; R= Ph). These are the 
conditions under which Chatt and Mann (/., 1940, 1192) prepared tetraphenylphosphonium 
iodide, and their rather rigorous nature had apparently no disruptive effect on the phenox- 
phosphine system. 

In the annexed Figure, the absorption spectra of the phenoxphosphine (II) and its 
methiodide (III; R = Me) are shown. The former has Amax, 294 mu (¢ 4300); Amin. 275 mu 
(< 3000), and the latter Amax. 303 and 294 mu (<¢ 7700, 7100) and Amin, 297 and 258 muy (ec 6980, 
1800). It is noteworthy that the spectrum of the phosphine bears a strong general 
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resemblance to those of triphenylphosphine and of 1-pheny]l-1-phospha-2 : 3-6 : 7-dibenzo- 
cyclohepta-2 : 6-diene (VI), and that of the methiodide bears a similar resemblance to those 
of the corresponding salts of the last two phosphines, the chief difference being that the 
principal band of the phosphine (II) and its methiodide shows a marked displacement to 
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higher wave-lengths compared with those of triphenylphosphine, the phosphine (VI), and 
their respective methiodides. The significance of the spectra of triphenylphosphine and of 
(VI) and their quaternary salts has been briefly discussed by Mann and Millar (J., 1953, 
1130). It will be seen that if the phenoxphosphine possessed three independently 


a I Absorption spectra in ethanolic solution of : 
(A) 10-phenylphenoxphosphine. 
(B) 10-methyl-10-phenyiphenoxphosphonium todide. 
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absorbing benzene rings, in accordance with the formal structure (II), several absorption 
bands, with the main absorption at about 255 my, would be expected. The structure of 
the phosphine (II) however may involve resonance with numerous polar forms of type 
(ILA), precisely as triphenylphosphine and the phosphine (VI) may, but in addition it may 
show further resonance with similar forms of type (IIb). This markedly increased 
resonance may be responsible not only for the absence of benzenoid bands, but also for the 
general shift to higher wave-lengths. In the methiodide of the phosphine (II) the polar 
forms of type (IIA) are necessarily suppressed, but those of type (IIB) may of course still 
operate: possibly it is this factor which allows the emergence of two bands at 294 and 
303 my (which may represent the normal absorption of the benzene rings considerably 
displaced) but which are merged into one broad band in the more highly resonating parent 
phosphine. 

The only other recorded compound, in which the heterocyclic ring contains oxygen and 
the C-P-C linkage, is tetrahydro-4-phenyl-1 : 4-oxaphosphine (VII), which Lecoq (Bull. 
Soc. chim. Belge, 1933, 42, 119) claims to have prepared by the action of phenylphosphine- 
bis(magnesium bromide) on 2: 2’-di-iododiethyl ether, a method analogous to that by 
which Beeby and Mann (J., 1951, 886) subsequently prepared the arsenic analogue (VIII). 
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It is noteworthy however that Lecoq states that the phosphine (VII) has m. p. 135—137°, 
whereas in contrast 4-phenylmorpholine has m. p. 53° (Knorr, Ber., 1889, 22, 2094) and the 
arsine (VIII) is a mobile liquid, b. p. 149—151°/18 mm., which shows no signs of crystallis- 
ation. Moreover Lecoq isolated his phosphine by allowing an ethereal solution to 
evaporate spontaneously in the air, conditions under which a dialkyl-aryl-phosphine would 
normally undergo very ready oxidation. It is probable therefore that Lecogq’s crystalline 
material (in spite of the analytical evidence) was the phosphine oxide. 

We have failed to repeat Lecoq’s work. We find that phenylphosphinebis(magnesium 
bromide) reacts with both the di-iododiethyl ether and its bromo-analogue to give a pale 
amber resin, which could be distilled under nitrogen at ca. 300°/0-5 mm, but the distillate 
rapidly re-formed the resin. All attempts to crystallise the resin, or to obtain crystalline 
derivatives, failed. No evidence of the formation of a more volatile product could be 
obtained. It is probable that this resin is a stable linear condensation product of type 
(-(CH,)9*O*(CH,)*P Ph], similar to that which is always formed during the preparation of 
both the arsine (VIII) (Beeby and Mann, /oc. cit.) and its thio-analogue (Job, Reich, and 
Vergnaud, Bull. Soc. chim., 1924, 35, 1404). 
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EXPERIMENTAL 


2-A mino-2’-bromodiphenyl Ether.—Iron ‘‘ pin dust ’’ (51 g.) was added to a boiling agitated 
solution of 2’-bromo-2-nitrodiphenyl ether (59 g.) (cf. Henley, J., 1930, 1222) in ethanol (70 c.c.) 
containing water (10 c.c.). Concentrated hydrochloric acid (10 c.c.) was then added dropwise, 
and the vigorously stirred mixture was boiled under reflux for 6 hr., after which an aqueous 
solution of potassium hydroxide (7 g.) was added. The hot mixture was filtered and the residue 
washed with an equal volume of hot ethanol. The combined filtrate, when cooled, deposited 
the amino-ether, m. p. 55—56° (35 g., 66%), sufficiently pure for the next stage. This amine 
was prepared on a very small scale by McCombie, Macmillan, and Scarborough (J., 1930, 1202), 
who record m. p. 60°. 

It gives a hydrobromide, colourless crystals (from hydrobromic acid), m. p. 174—176° (Found : 
C, 41:9; H, 3-4; N, 4-2. C,,H,ONBr,HBr requires C, 41-7; H, 3-2; N, 4:0%). 

2: 2’-Dibromodiphenyl Ether.—Sodium nitrite (10-5 g.) in water (25 c.c.) was slowly added 
to a vigorously stirred solution of the amine (40 g.) in concentrated (48%) hydrobromic acid 
(100 c.c.) which had been cooled to ca. 5°. After 30 minutes’ further stirring, the diazotised 
solution was slowly added to a boiling solution of cuprous bromide (20 g.) in concentrated 
hydrobromic acid (20 c.c.). The oily lower layer was separated, the aqueous layer extracted 
with chloroform, and the united oil and extract washed in turn with aqueous sodium hydroxide 
and water, dried, and distilled. Fractionation gave the pure ether as a colourless liquid, b. p. 
134—136°/0-5 mm. (14 g., 28%) (Found: C, 44-3; H, 2-7. C,,H,OBr, requires C, 43-95; H, 
2°5%). 

10-Phenylphenoxphosphine (II).—This preparation was performed in a flask fitted with a 
sealed stirrer, reflux condenser, and a dropping funnel, and through which nitrogen was passed 
throughout the experiment. A 1-5N-solution (73-5 c.c.) of n-butyl-lithium (2-2 mols.) in light 
petroleum (b. p. 40—45°) was added to a solution of the dibromo-ether (16-4 g.) in a mixture of 
benzene (100 c.c.) and the light petroleum (100 c.c.). The complete mixture was then boiled 
under reflux with stirring for 4 hr., cooled whilst a solution of phenyldichlorophosphine (8-95 g.) 
in benzene (100 c.c.) was added during 30 min., boiled again for 3 hr., and finally cooled in 
ice-water and hydrolysed with air-free water (200 c.c.). The aqueous layer was siphoned off 
under nitrogen, the clear orange-red organic layer dried (Na,SO,), and the solvent removed. 
The syrupy residue, which partly solidified, was however distilled and the fraction of b. p. 191— 
193°/0-5 mm. solidified completely; when then recrystallised from ethanol it gave the phosphine 
(II), colourless crystals, m. p. 94-5—95° (8-75 g., 63%) (Found: C, 78-3; H, 4:45. C,,H,,OP 
requires C, 78-4; H, 4-75%). A resinous solid, which could not be crystallised, remained in the 
distillation flask. 

The phosphine readily gave a methiodide (III; R = Me) (systematically 10-methyl-10- 
phenylphenoxphosphonium iodide), colourless crystals (from ethanol), m. p. 236—237° (Found : 
C, 54:75; H, 3-9. C,,H,,OIP requires C, 54:6; H, 3-9%); its ethanolic solution gave no 
precipitate with sodium picrate solution. 

A mixture of the phosphine (1-4 g.), bromobenzene (1-6 g., 2 mols.), and aluminium chloride 
(1:35 g., 2 mols.) was heated at 205—-210° for 2 hr. under nitrogen. The mixture was then 
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poured into water (100 c.c.) and boiled, unchanged phosphine (0-4 g.) separating on cooling. 
The cold filtered solution, when treated with potassium iodide (5 g.), deposited a semi-solid gum, 
which was dissolved in hot water (50 c.c.), treated with sodium sulphite (0-5 g.), boiled, cooled, 
and finally filtered into a solution of potassium iodide (5 g.) in water (150c.c.).. The precipitated 
crystalline 10: 10-diphenylphenoxphosphonium iodide (III; R= Ph), when collected and 
recrystallised from water, furnished the colourless crystalline monohydrate, m. p. 195—197 
(Found: C, 57-9; H, 3:7. C,,H,,OIP,H,O requires C, 57-85; H, 405%). 

This iodide, when treated in aqueous solution with sodium picrate, gave the picrate, yello 
crystals (from ethanol), m. p. 190—-192° (decomp.) (Found: C, 61-8; H, 35; N, 7: 
Cy 9H. ,O,N,P requires C, 61-95; H, 3-5; N, 7-2%). 

Similar experiments, with p-bromotoluene in place of bromobenzene, gave only intractable 
dark products. 

A warm acetone solution of the phosphine (II), when diluted with an equal volume of aqueous 
hydrogen peroxide and set aside overnight, deposited the oxide, which formed colourless 
crystals, m. p. 173—174°, from aqueous acetone (Found: C, 74:25; H, 4-8. C,,H,,;0,P 
requires C, 74:0; H, 4:5%). 

Solutions of the phosphine (0-54 g.) and of anhydrous chloramine-T (0-45 g., 1 mol.), each in 
ethanol (15 c.c.), were mixed, boiled for 1 hr., filtered to remove sodium chloride, and evaporated 
ina vacuum. ‘The residual syrup readily crystallised when rubbed with ethanol, and when then 
recrystallised, either from ethanol or from benzene-light petroleum (b. p. 60—80°), afforded 
colourless 10-phenylphenoxphosphine 10-toluene-p-sulphonylimine (IV), m. p. 164—164-5° 
(Found: C, 67:5; H, 4:6; N, 3-2. C,,H,O,NSP requires C, 67-4; H, 4-55; N, 3-15%). 
Several similar phosphinimines, prepared from trialkyl- and triaryl-phosphines, have been 
recorded (Mann and Chaplin, J., 1937, 527). 

Metallic Co-ordination Derivatives.—(a) When an ethanolic solution of the phosphine 
(2-1 mols.) and aqueous-ethanolic potassium palladobromide (1 mol.) were mixed and boiled, 
the crystalline dibromobis-(10-phenylphenox phosphine) palladium, {(C,gH,;OP),PdBr,] was pre- 
cipitated, and separated from ethanol as yellow crystals, m. p. 298—302° (decomp.) (Found : 
C, 53-2; H, 3-2. C,,H,,O,Br,P,Pd requires C, 52:8; H, 3-2%). 

Repetition of this experiment, with however equimolecular quantities of the re- 
agents, afforded the bridged dibromobis-(10-phenylphenoxphosphine)-u-dibromopalladium, 
[(C,gsH,,;0P)PdBr,],, which separated as reddish-brown crystals, m. p. 279—281° (decomp.), 
from ethanolic dioxan (1:1) (Found: C, 40-1; H, 2-25. C,,H,,O,Br,P,Pd, requires C, 39-85; 
H, 2-4%). 

(6) When an ethanolic solution of an excess of the phosphine was added to concentrated 
aqueous chloroauric acid, a dark orange precipitate was initially formed, but was rapidly 
replaced by a white product when the mixture was boiled. This product, recrystallised from 
ethanol, gave hard colourless crystals of monochloro-(10-phenylphenoxphosphine)gold (V), m. p. 
200° (Found: C, 42:6; H. 2-7. C,,H,,;OCIPAu requires C, 42-5; H, 2-6%). 

When a solution of chiorine in carbon tetrachloride was added to a chloroform solution of 
this compound, orange-red crystals of the trichloro-derivative, m. p. 157-—-158° (decomp.), were 
deposited (Found: C, 36-9; H, 2:2. C,,H,,OCI,PAu requires C, 37-3; H, 2-39) (cf. Mann and 
Purdie, J., 1940, 1235). 

Action of Acids.—(a) The phosphine readily dissolved in boiling hydrochloric acid, but 
cooling deposited the unchanged phosphine, m. p. 92—94° (alone and mixed). 

(b) A mixture of the phosphine and an excess of aqueous 48°% hydrobromic acid was boiled 
under reflux below nitrogen for 3 hr., a clear solution being rapidly obtained. Cooling and 
basification deposited the unchanged phosphine. A similar result was obtained when the 
phosphine was heated with a 50% solution of hydrogen bromide in acetic acid in a sealed tube 
at 150—155° for 4 hr., or at 180—200° for 10 hr. In the last experiment, however, a dark 
syrup was obtained and basification gave only a low recovery of the phosphine, although no 
derivative could be isolated. 

(c) The phosphine was recovered unchanged after its solution in an excess of constant- 
boiling hydriodic acid had been boiled under reflux for 4 hr. 
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767. Collision Diameters of Flexible Hydrocarbon Molecules in the 
Vapour Phase: The ‘“ Hydrogen Effect.” 


By G. A. McD. Cummincs and A. R. UBBELOHDE. 


Mass-diffusion measurements have been carried out by the Stefan 
method, with hydrogen, nitrogen, oxygen, and argon as carrier gases, at 
temperatures convenient for the following hydrocarbons: n-hexane, 2: 3- 
dimethylbutane, cyclohexane, methylcyclopentane, m-octane, 2: 2: 4-tri- 
methylpentane, n-decane, 2: 3: 3-trimethylheptane, and »-dodecane. 

Effective collision diameters have been determined on the basis of simple 
kinetic-theory formule for mass diffusion. Such diameters confirm previous 
conclusions from viscosity data that on an average the flexible molecules are 
substantially crumpled at ordinary temperatures. Furthermore, in collisions 
with molecular hydrogen effective collision diameters of flerible hydrocarbons 
are larger than for collisions with gases such as nitrogen, oxygen, and argon. 
This behaviour may be related to other ‘“‘ hydrogen effects ’’ due to facilitating 
internal-energy == translational-energy transfers. 


Ir has been shown (McCoubrey, McCrea, and Ubbelohde, J., 1951, 1961; Cummings, 
McCoubrey, and Ubbelohde, J., 1952, 2725) that viscosity data for a wide range of hydro- 
carbons of low molecular weight indicate substantial crumpling of the flexible molecules in 
the vapour phase at ordinary temperatures. By use of the viscosity and the temperature 
coefficient of viscosity of the vapours as parameters related to molecular configuration, 
significant trends as a function of molecular structure have been found. The present work 
was undertaken to compare any observable trends in the collision cross-sections for mass 
transfer with trends apparent in momentum transfer. Particular attention has been 
paid to hydrogen-hydrocarbon collisons in view of the special réle of hydrogen in certain 
hydrocarbon reactions (cf. Small and Ubbelohde, J., 1950, 723; J. Appl. Chem., 1953, 
3, 193). 
EXPERIMENTAL 

Materials —For preparations of n-hexane, methyleyclopentane, and 2: 2: 4-trimethyl- 
pentane see McCoubrey, McCrea, and Ubbelohde (loc. cit.), and for those of 2: 3-dimethyl- 
butane and cyclohexane see Cummings, McCoubrey, and Ubbelohde (loc. cit.). 

n-Octane and n-decane (B.D.H.) were washed with concentrated sulphuric acid until tests 
with bromine in carbon tetrachloride and with potassium permanganate in sodium carbonate 
solution indicated complete absence of unsaturated material. After being washed with sodium 
carbonate solution and with distilled water, and dried (CaCl,), the compounds were stored over 
sodium wire, refluxed, and then distilled over sodium. Samples were finally fractionated 
through a 6”-column packed with phosphor-bronze gauze at reflux ratios of greater than 20: 1 
(design kindly provided by Imperial Chemical Industries Limited). 

n-Dodecane was prepared from n-hexyl bromide (B.D.H.) by the Wurtz reaction (Mair, 
J. Res. Nat. Bur. Stand., 1932, 9, 457), and was purified as above. 

Urea adducts of n-decane and n-dodecane were made (Zimmerschield, Dinerstein, Weitkamp, 
and Marschner, Ind. Eng. Chem., 1950, 42, 1300). The hydrocarbon regenerated from them 
had, after purification, the same physical properties as the original sample. 

2:3: 3-Trimethylheptane was kindly suppled by Shell Petroleum Co. (Thornton Research 
Laboratory). 

Constants are recorded in the Table (boiling range —+.0-1°). 


Compound 3. p./mm. nz0 d (temp.) 
IN iis ss) artes dara tak ean tue tae 38-3°/760 -3743 0-6593 (20°) 
Fs SRV IEAO oc cnccidevarcccs canvases 57: 761 +3750 0-6653 (12-0°) 
Fo | pe GRE A Ee See le ee ie Ea ag -7°/760 4262 0-7831 (15-0°) 
Methylcyclopentane  ....0i vic cccci ccc eve vecensess 5° /760 4095 0-7486 (20-0°) 
ONIN aan suede with aaedere ioe Pasedeseneskes 25-0°/750 “3974 0-6992 (24-2°) 
2 3 os S-RTIMICCHYIPCMIANE | oo 05s des cscecsvosees 98-3°/742 ‘3914 0-6885 (24-2°) 
WRN arse cognates brngca concicawsonveusieesetuks 5°) 766 4116 0-7269 (24-3°) 
SSS SS EEUMCHIYINEDTANO ooo. cicccccccssccs 0-1°/ 760 4207 0-756 (18-0°) 
= BIOGOCNIG oaiick sc cceksdeda catia cdeisenie ui xidexpeoae 216-1°/760 -4218 0-7463 (24-2°) 


es ee ee 
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Carvier Gases.—The carrier gases—-hydrogen, nitrogen, oxygen, and argon—were supplied 
by British Oxygen Co. 

Apparatus and Technique.—The Stefan method was used for the determination of the mass- 
diffusion coefficients of the selected gas-vapour systems (Ann. Phystk, 1882, 17, 550; 1890, 61, 
725). Preliminary investigation of the Stefan technique was carried out with the system 
methyleyclopentane—air, and may be summarized as follows : 

(a) Careful comparisons (see Fig. 1) were made of surface temperatures of the liquids in 
rhodium-plated silver and glass (soda and Pyrex) diffusion tubes. Glass was much easier to 
use because the liquid content could be read directly with a travelling microscope, whereas a 
silver tube would have to be weighed at intervals. If any serious temperature difference is set 
up near the surface of the liquid owing to evaporation, this would vitiate the calculations of 
diffusion coefficients. At comparable rates of evaporation any temperature gradient would be 
much reduced by the high conductivity of the silver walls. However, differential thermo- 
couple readings between the surface and the bulk of the liquid verified that at the evaporation 
rates used differences did not exceed 0-05° in either glass or silver tubes. Glass was therefore 
used for most of the experiments. 

Temperature effects at the liquid—vapour interface have also been studied by control of the 


Fic. 1. 
y, 
{ 


Fic. 2. 


T, Thermocouple leads. 
R, Rhodium-plated silver 
diffusion tube. 

G, Glass diffusion tube. 
K, Solid brass cylinder. 
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height of the gas—vapour diffusion column, and the flow rate of the carrier gas (cf. Trautz and 
Ludwig, Ann. Physik, 1930, 7, 887; Schwertz and Brow, J. Chem. Phys., 1951, 19, 640). 

(6) The diffusion coefficient D was found to be independent of the flow rate of the carrier gas, 
within the limits of experimental error, for flow rates in the range 100—400 c.c./min. (cf. Trautz 
and Muller, Ann. Physik, 1935, 22, 353; Schwertz and Brow, Joc. cit.; Kimpton and Wall, 
J. Phys. Chem., 1952, 56, 715). 

(c) D was also independent, within the limits of experimental error, of the height of the 
gas-vapour diffusion column within the range 8—20 cm. 

The Pyrex diffusion cell (see Fig. 2) could be opened by means of the cone and socket (B40) 
and was equipped with suitable side-arms for the passage of the carrier gas. For measurements 
of diffusion coefficients below 40°, the lower end of the diffusion chamber was drawn down to a 
narrow sleeve b,; the glass diffusion tube b,—, fitted closely into this sleeve and was waxed 
into position. For measurements at higher temperatures the sleeve was replaced by a Pyrex 
tube extending to the bottom, and the glass diffusion tube fitted closely into it. 

The diffusion cell and a Pyrex spiral preheater (350-cm. path) were immersed in a liquid 
bath, electrically controlled to +-0-1°, the temperature being recorded by means of a 3-junction 
copper—constantan thermocouple. After passing through calcium chloride and silica gel tubes 
and the preheater, the carrier gas entered the diffusion chamber via a,—a, at a point well below 
the mouth of the diffusion tube. A lead was taken from a side-arm to a manometer. 

After the carrier gas had flowed for at least 45 min. to provide equilibrium, the height of the 
gas-vapour diffusion column was recorded at regular time intervals by means of a Pye 
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cathetometer (-+-0-0005 cm.). The total pressure in the system and the thermostat temperature 
were read frequently. 

The diffusion coefficient (cm.?/sec.), corrected to standard pressure, was calculated by using 
the equation 
D (h,? — h,*)4,.P 

760 = 31, — fd, x 760 In P[(P — Ps) 
where h, is the height of the gas-vapour diffusion column at time ?¢,, A, that time #,, d, is the liquid 
density (g./ml.) at the temperature of experiment, d, that of the saturated vapour, P, is the 
saturation vapour pressure (cm.) at the temperature of the experiment, and P is the average 
total pressure (cm.) in the diffusion chamber for the duration of an experiment. 

The requisite vapour-pressure data were obtained from Nat. Bur. Stand., Circular C 461, 
1947, and Thodos (Ind. Eng. Chem., 1950, 42, 1514) for all the hydrocarbons with the exception 
of 2:3: 3-trimethylheptane. For this b. p.s were determined at pressures from 9 to 11 cm., 
a shielded thermometer being used and the usual precautions observed to ensure thermo- 
dynamic equilibrium. The vapour pressures required were obtained by interpolation. 


TABLE I. 
Precision 

Compound Carrier gas Temp. (K) D469 (cm.*/sec.) of D (+) (%) 2013 
eRNORMBE ccc sos sacs secssccen H, 288-7 0-290 0-7 9-46 
N; 288-6 0-0757 0-5 10-23 

O, 288-6 0-0753 0-3 10-01 

A 288-6 0-0663 0-9 10-25 

2: 3-Dimethylbutane ...... H, 288-8 0-301 1-0 9-29 
N, 288-7 0-0751 1-3 10-28 

O, 288-4 0-0753 0-3 10-00 

A 288-9 0-0657 1-1 10-30 

cycloHexane  .......00... eee 0ee H, 288-5 0-319 0-6 9-05 
N, 288-6 0-0760 1-0 10-22 

O, 288-6 0-0744 0-8 10-08 

A 288-7 0-0719 1-5 9-87 

Methyleyclopentane ......... H, 288-5 0-318 1-9 9-03 
N, 285-9 0-0758 2-5 10-16 

O, 287-1 0-0742 2-5 10-06 

A 288-6 0-0731 1-0 9-78 

ICED vce:teccse seccaveiresesse H, 302-8 0-271 0-02 10-13 
N, 303-0 0-0710 1-5 10-78 

O, 303-1 0-0705 1-8 10-54 

A 303-0 0-0642 1-9 10-59 

2:2: 4-Trimethylpentane... H, 303-0 0-288 1-0 9-83 
N, Bs 0-0705 0-7 10-82 

O, fe 0-0688 0-7 10-67 

A ‘i 0-0618 1:3 10-80 

A EPOCRIO 6.6 as occa rctceiessness H, 364:1 0-306 1-3 10-94 
N, 363-6 0-0841 2-0 11-25 

2:3: 3-Trimethylheptane H, 363-9 0-270 1-6 11-64 
N, 363-8 0-0684 0-8 12-48 

%-DOGECATIO . cciiincsdoccatcescs H, 399-6 0-308 1-8 11-68 
Ny 399-4 0-0813 2-0 12-20 


Results are recorded in Table 1. The precision is governed by the rate of loss of vapour from 
the diffusion tube, which is, in turn governed principally by the height 4 of the gas-vapour 
diffusion column and the saturation vapour pressure of the hydrocarbon at the temperature 
of the experiment. As a result of the control of these variables, the precision achieved was in 
most cases better than +1-5%. 

DISCUSSION 


In the present state of the kinetic theory of gases, as applied to molecules of complicated 
structure, the “ collision diameters ’’ are best regarded primarily as parameters calculated 
in specified ways. From trends of behaviour of these parameters in systematic variations 
of molecular structure comparative information can be obtained about the effective 
behaviour of the molecules in collisions involving transfer of mass, momentum, or energy. 
But the numerical figures quoted cannot as yet be compared for exactness with numerical 
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results obtained, for example, from optical or infra-red measurements on molecular 
structure. 

The collision cross-sections 61, for mass transfer have been calculated for the selected 
systems from the simple kinetic theory formula (Chapman and Cowling, “ Mathematical 
Theory of Non-Uniform Gases,’’ Cambridge Univ. Press, 1939) : 


'D..] 3 kT (m, + my) \# 
a ie 2nmm 
ONG13 aI My 


where the symbols have the usual significance. The mass diffusion collision diameters (¢,) 
for the hydrocarbon molecules recorded in Table 2 have been calculated from these by 
using the relation o,, = }(o, + o,) and literature values of 6, for the carrier gas molecules 
(Chapman and Cowling, op. cit., p. 229). 

General consideration of the o, cross-sections thus evaluated indicates that the 
diameters for mass-transfer for the m- and the iso-compounds of the Cg or Cg series are 
approximately equal. This confirms the previous conclusions, from viscosity data, that 
n-paraffins behave in collisions as if they are substantially crumpled in the vapour phase 
even at ordinary temperatures. For C,) hydrocarbons the mass-diffusion diameters give 
further support to this conclusion. 

More detailed consideration of the results within the series of isomeric Cg, hydrocarbons 
indicates that the effective diameters for collisions with nitrogen and oxygen are closely 
similar, within 4-19. Experimental inaccuracy of + 2% in D can account for -}-1%% in og. 
With argon, the cyclic molecules show markedly lower effective collision diameters. With 
hydrogen, the “ hydrogen effect’ previously suggested (McCoubrey and Ubbelohde, 


TABLE 2. Apparent collision diameters of hydrocarbons (a,). 


Carrier gas: H, N, O, f 
Compound (o, = 2-73) (0, = 3:75) Af{ow, — on.) (0, = 3°62) (0, = 3-66) 
C, Series. 
NON cn kcpasencncacese vee 4-80 3-67 +1-13 —_— — 
SIE isan consniceteny avixavens 4:47 4:49 — 0-02 — — 
C, Series. 
PRIND igs Sicnedcvocseasedecaee 6-73 6-48 + 0-25 6:39 6-59 
2: 3-Dimethylbutane ......... 6-56 6-53 +-0-03 6-38 6-64 
CHCTTTUBEBDG  ooueesccescesescrnses 6-32 6-47 0-15 6-46 6-21 
Methylcyclopentane ............ 6-30 6-41 —0O-11 6-47 6-12 
Benzene * chepivkooaKees 5:74 5-70 10-04 —_— — 
Cy series. 
n-Octane Sale mpaMEwReanaan 7-40 7-03 +-0-37 6-92 6-93 
2:2: 4-Trimethylpentane ... 7:10 7:07 +0-03 7-05 7-14 
Cyo series. 
RNIN © cinseracucaepnenenedians 8-21 7-50 +0:71 — 
2:3: 3-Trimethylheptane ... 8-91 8-7 -+-0-18 — 
Cyy series. 
PAIN oe kd Gumcd unex pavers 8-95 8-45 0-50 ~- ~ 
Dibutyl phthalate ............ 9-40 8-94 0-46 — — 


: Trautz and Muller, Ann. Physik., 1935, 22, 350,371. ° Boyd, Stein, Steingrimsson, and Rumpel, 
J. Chem. Phys., 1951, 19, 548. ¢ Birks and Bradley, Proc. Roy. Soc., 1949, A, 198, 226. 


Discuss. Faraday Soc., 1951, 10, 94) is exhibited by all the series of compounds now studied. 
Mass-diffusion collision diameters of the more flexible hydrocarbons are systematically 
higher with hydrogen than with nitrogen or oxygen. The less flexible hydrocarbons do 
not show this effect. 

Theoretically, the diffusion coefficient is decreased, and hence the effective collision 
diameter is increased, by the occurrence of inelastic collisions which transfer of energy from 
translational to other degrees of freedom (Chapman and Cowling, loc. cit.; Pidduck, 
Proc, Roy. Soc., 1922, A, 101, 101). This explains for example the hydrogen effect with 
ethylene, compared with ethane (Table 2). Ultrasonic relaxation experiments have 
verified this exceptional efficiency of hydrogen in transferring internal energy to ethylene 
(Richards, J. Chem. Phys., 1936, 4, 561). 
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One factor in accounting for the hydrogen effect now observed is the low mass 
of hydrogen, which favours transfer of vibrational energy in collisions (Schwartz, Slawsky, 
and Herzfeld, J. Chem. Phys., 1952, 20, 1591), but for molecules of comparable mass a 
further factor is the molecular flexibility. High flexibility enhances any hydrogen effect 
markedly. An interpretation of chemical reactions susceptible to hydrogen collisions, 
such as the thermal decomposition of complex organic molecules, and the marginal 
oxidation of hydrocarbons (Small and Ubbelohde, Joc. cit.) is that hydrogen facilitates 
transfers of internal energy, particularly of vibrational energy. It may be significant for 
hydrocarbon oxidation that with paraffins this ease of transfer is linked with molecular 
flexibility. 
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768. Perfluoroalkyl Compounds of Nitrogen. Part I. 
Perfluoroalkyl-nitroso- and -nitro-compounds. 


By (Miss) J. BANus. 


Perfluoronitrosomethane and perfluoro-1-nitrosopropane have been pre- 
pared in good yield by the action of ultra-violet light on gaseous mixtures of 
the corresponding iodides with nitric oxide in silica vessels, mercury being 
present to remove iodine. These compounds are very reactive : they decom- 
pose when kept at room temperature or shaken with mercury or with alkali, 
and are smoothly oxidised to the nitro-compounds, which are stable to alkali. 
Magnetic and some optical properties of the nitroso-compounds are discussed. 


STANDARD methods for the preparation of perfluoroalkylamines of the type Ry-NFy, (Rr),NF, 
and (Ry),N,* and of the perfluoroalkyl cyanides Ry*CN, are now well established, the first 
three by fluorination of C-N compounds, and the last by fluorination, and by dehydration 
of the acid amide. The cyanides are useful intermediates for the preparation of compounds 
containing the groups Ry-COs or Ry’C:, but not as yet for compounds RpX where X is an 
atom otherthancarbon. The ‘‘amines”’ have little organic chemistry; + they are almost 
as inert as the fluorocarbons themselves and the nitrogen is of course non-basic, as in 
nitrogen trifluoride. 

A route has now been found, via a homolytic reaction, from the fluorocarbon iodide 
R,I to the nitroso-compound R»y*NO (see Banus, Nature, 1953, 171, 173). It was observed 
(Banus, Emeléus, and Haszeldine, /., 1950, 3041) that primary homolytic reactions of 
fluorocarbon iodides can generally be said to parallel those of their hydrocarbon analogues, 
and thus, on irradiation of the iodide in presence of nitric oxide and of mercury (to remove 
iodine), the free perfluoroalkyl radical combines with nitric oxide to form Rpe-NO. These 
may be converted by oxidation, reduction, or condensation reactions into a variety of 
nitrogen compounds. 

Perfluoroalkyl compounds (other than those of type Ry-C<<) with reactive functional 
groups containing nitrogen have been reported from time to time, but no standard methods 
have been evolved. No nucleophilic reactions of the perfluoroalkyl iodides have so far 
been found (Banus, Emeléus, and Haszeldine, J., 1951, 60). Ruff and Giese (Ber., 1936, 
69, 684) reported a 1 : 1 mixture, which they could not separate, of CF,*NO and a so-called 
F-CO-NF,, as a by-product of the action of elementary fluorine on silver cyanide, which 
contained the oxide and nitrate as impurities. Many of the properties described for 
CF,*-NO have not been confirmed in the present work. Ruff and Giese also reported 
CF,°N:N-CF, (Ber., 1936, 69, 598, 604, 684; see also Ruff and Willenberg, Ber., 1940, 
73, 724), formed by fluorination of silver cyanide or of cyanogen iodide; and CF,-NH-CF, 
was obtained by Ruff and Willenberg (loc. cit.) by fluorination of ICN by phospherus 
pentafluoride containing hydrogen fluoride as impurity. The compounds Rp-CF:NF are 


* In these and other formule, Rp denotes perfluoroalkyl. 
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formed in fluorination reactions; they are very reactive, but have not been used 
synthetically.* 

Hiickel (Nachr. Akad. Wiss. Gottingen, Math.-Physik. Klasse, 1946, No. 1, 55) stated 
that CF,*NO, was obtained in small yield by the action of CIF, on CF,Br-NO,, and by the 
oxidation of CF,*NO with lead dioxide or manganese heptoxide, and that CF,-NCO was 
obtained by a Curtius degradation, but did not give details in either case. Many other 
workers have reported failures with Hofmann, Curtius, and Lossen degradations of per- 
fluoro-acid derivatives. A perfluoroalkyl-nitro-compound was made by Coffman e¢ al. 
(J. Org. Chem., 1949, 14, 747) in 7% yield by addition of N,O, to C,F, under pressure. 
They give physical properties of the compound but no chemical properties or proof of 
structure (cf. Hass and Whitaker, U.S.P. 2,447,504/1948 ; no yield given). Many unsuccess- 
ful attempts have been made to fluorinate chloropicrin. Haszeldine (Nature, 1951, 169, 
1028), while the present work was in progress, reported the conversion of perfluoroalkyl 
iodides into nitroso- and nitro-compounds, but without details of preparation or properties. 
Later, Dacey (Discuss. Faraday Soc., 1953, 14, 87, 133) obtained CF,*NO, without character- 
ising it, by photolysis of CF,I in presence of nitric oxide, and reported a personal communic- 
ation that Dale had made it from silver trifluoroacetate and nitrosyl chloride. The author 
had used Dale’s method but obtained poor yields. 

These nitroso-compounds, in contrast to their hydrocarbon analogues, do not dimerise ; 
if one assumes that all compounds (R*NO), have the constitution (I) (two forms) with some 
contribution from (II), as has been established for the aromatic nitroso-compound dimers 


R oO R - 

Wr + 

(I) Ngan” “Ngeor” (II) 
-o% *\R -O 


(Darwin and Hodgkin, Nature, 1950, 166, 827; Fenimore, J]. Amer. Chem. Soc., 1950, 72, 
3226; Sidgwick, ‘‘ Organic Chemistry of Nitrogen,” Oxford, 1937, pp. 213 et seg.), one 
would expect Ry*NO to be stabilised by the strong inductive pull of the Rp group (cf. 
also Pauling’s adjacent-charge rule, ‘“‘ The Nature of the Chemical Bond,” Cornell Univ. 
Press, 1940, pp. 199 et seg.). Further, one would not expect Ry*NO to rearrange spontane- 
ously to form an aldoxime analogue, with the electronegative fluorine replacing hydrogen. 
Coe and Doumani (J. Amer. Chem. Soc., 1948, 70, 1516) describe (CH,*NO)., formed in the 
photochemical decomposition of fert.-butyl nitrite, the evanescent blue colour that appears 
on warming it, and its spontaneous conversion into (CH,:N-OH);. Hammick ef al. (J., 
1935, 30, 1679; 1937, 489), working with aliphatic nitroso-compounds stabilised by electro- 
negative «-substituents, studied their photo-decomposition and photo-oxidation; where 
a-hydrogen atoms were present, the primary process appeared to be the elimination of 
NOH. The thermal decomposition was not investigated. In contrast with the earlier 
work (Ruff and Giese, /oc. cit.), the perfluoroalkyl-nitroso-compounds have now been found 
to decompose spontaneously at room temperature, faster in the gas phase, and the dispro- 
portionation and other products will be described in a later communication. Ruff’s 
isomerisation to ‘‘F-CO-NF,”’ has not been confirmed. The perfluoroalkyl-nitroso- 
compounds are deep blue gases with a tinge of green, the liquids are inky blue, and the 
solids almost purple. The colour of nitroso-compounds has aroused much speculation, 
but is not yet understood. Lewis (‘‘ The Valence and Structure of Atoms and Molecules,”’ 
1923, 28) suggested that they might be paramagnetic, as oxygen is, and Pauling (J. Amer. 
Chem. Soc., 1931, 53, 3225) suggested a triplet structure. More recently, Lewis and Kasha 
(tbid., 1945, 67, 994) assumed that the characteristic band in the visible was due to a 
singlet-triplet transition, a similar suggestion having been made for nitrosyl chloride by 
Jahn (J. Chem. Phys., 1938, 6, 335). However, Wilson (J. Amer. Chem. Soc., 1934, 56, 
747) found nitrosyl chloride, nitrosobenzene, and #-nitrosodimethylaniline to be diamag- 
netic, and this was confirmed for gaseous nitrosyl chloride by Beeson and Coryell (J. Chem. 

* (Added, Oct. 12th, 1953.] Azomethines, Ry-N:CF-Rr, including CF,*N:CF,, have now been made by 
pyrolysis of tertiary pertluoro-amines, and addition of hydrogen fluoride has yielded Ry-NH-Rr (personal 
communication from The Minnesota Mining and Manufacturing Co.) 
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Phys., 1938, 6, 656) and for nitrosobenzene by Farquharson (Trans. Faraday Soc., 1936, 
32, 219) and other workers. McClure (J. Chem. Phys., 1949, 17, 905) has criticised Lewis 
and Kasha’s assignment on various grounds, so it can only be assumed that the nitroso- 
compounds are in a singlet state. The perfluoroalkylnitroso-compounds are diamagnetic 
in the liquid state, and the molecular susceptibilities measured by the Gouy method were 
found to be equal to the sum of the atomic susceptibilities. The spectrum in the visible 
and in the ultra-violet region closely resembles that of 3-bromo-2 : 4-dimethyl-3-nitropentane 
(‘‘ ditsopropylbromonitrosomethane ”’) (Lewis and Kasha, doc. cit.), and those of Hammick’s 
a-substituted compounds, observed in the visible region. Mr. J. Dunderdale (of this 
laboratory) is examining the infra-red spectra of the new compounds described here, and 
Dr. D. J. Millen the micro-wave spectra of perfluoro-nitro- and -nitroso-methane. 

Various methods of preparation of the nitroso-compounds have been tried, but the most 
efficient has been irradiation of a gaseous mixture of the iodide and nitric oxide, at just 
under atmospheric pressure, in a silica bulb in the presence of a globule of mercury. Shaking 
with mercury in a sealed tube decreases the yield; in fact, a pure nitroso-compound is 
decomposed completely if shaken with mercury for 1 day. The nature of the light source 
considerably affected the yield; the most suitable was a mercury lamp consisting of an 
argon-filled fused-silica spiral with Swedish-iron electrodes, operated at 4000 v and 200— 
240 ma. This ran cold, and gave almost pure 2537 A radiation of high intensity. Little 
or no diperfluoroalkylmercury or perfluoroalkylmercury halide was found in the products, 
but carbon dioxide, silicon tetrafluoride (these from decomposition of the perfluoroalkyl 
radical on the silica), fluorocarbon, and traces of CF,*NO and C,F,°NO (in the preparation 
of C,F,-NO) were all present, together with nitro-compounds, and nitrogen compounds of 
higher molecular weight. The overall yield was sometimes as high as 80%. Preparations 
in which the reagents were sealed under pressure in a silica Carius tube, but not shaken, 
were also less successful, and yields fell to ca. 20%. 

The nitroso-compounds were also prepared by the action of nitrosyl chloride on the 
silver perfluorocarboxylate: RyCO,Ag + NOCl—» Ry-NO + AgCl + CO,, but the 
yields were less than 15% and separation of the nitroso-compound from the other decom- 
position products was very tedious. SiF,, RyRy, Rpe*NO,, and traces of RyCl, were found. 

The gases were purified by quick washing with concentrated aqueous potassium hydr- 
oxide, for, although this slowly decomposes the nitroso-compounds, separation of the crude 
mixture by distillation was very difficult. The gases were then twice distilled in a Fenske- 
packed still with reflux temperature —78-5° wherever possible, middle cuts being taken, 
and stored frozen in liquid oxygen to obviate decomposition. Preliminary values for the 
physical constants were measured on samples of which the molecular weights, determined 
by the gas-density method, were within 1% of 99 and 199, the theoretical values for CF;-NO 
and C,F,,NO. Some decomposition was evident even during the time taken by such 
measurements, which were therefore done as quickly as possible, and in some cases the gas 
was re-purified between measurements. Mercury was excluded; gas pressures were 
measured with a diaphragm gauge, and temperatures with a copper—constantan thermo- 
couple calibrated against a platinum-resistance thermometer. 

The nitroso-compounds are readily oxidised to the nitro-compounds, ¢.g., by 30% 
hydrogen peroxide at 100—130° in a sealed tube. These were distilled in the Fenske- 
packed still with reflux temperature —78-5°, and found to be stable compounds, colourless 
in the gas or liquid state and white solids at low temperature. There is no reaction with 
alkali. 

Attempts were made to prepare the nitro-compounds by a more direct route, by heating 
the silver perfluoroalkanecarboxylate with dinitrogen tetroxide, and by irradiating the 
iodide in the presence of dinitrogen tetroxide and of mercury. These gave small yields of 
the nitro-compounds, mixed with large quantities of other decomposition products which 
were difficult to separate. Attempts to effect nucleophilic reactions of the perfluoroalkyl 
iodides, e.g., with silver nitrite, are still being made. 

The behaviour of these nitrogen-containing functional groups under the conditions of 
extreme inductive effect found in RyN compounds (and in the absence of potential protons) 
is of considerable interest. There is, for example, the possibility of testing the theory of 
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resonance of double-bonded forms, as proposed by Pauling for the chlorofluoromethanes 
(“‘ The Nature of the Chemical Bond,” Cornell Univ. Press, 1942, 235), by reference to the 
bond lengths in CF,-NO, CF,°NO,, etc.; and also the possibility of nitrosonium- and 
nitronium-ion mechanisms arising in the reactions of Rp-‘NO and RyNOg. 


EXPERIMENTAL 


Volatile compounds were handled in a vacuum system, and molecular weights determined 
by the gas-density method (the accuracy is usually limited only by deviations from ideal-gas 
behaviour). Carius tubes were filled and sealed in vacuo. Distillation, unless qualified, implies 
the use of a small Fenske-packed still, operated at reduced pressure, with —78-5° reflux; the 
take-off is regulated by means of a vacuum-tap, and the pressure above the column gives an 
indication of variations in the distillate. Low temperatures were obtained by the use of slush 
baths (melting solids), and were measured with a copper—constantan thermocouple previously 
calibrated against a platinum-resistance thermometer. Pressures were measured with a 
mercury manometer, or for compounds that are affected by mercury, a glass-diaphragm gauge. 
Fluorine was determined by the calcium fluoride method, after sodium fusion. 

Perfluoroalkyl Iodides.—These were made by the silver-salt method, washed with alkali, 
and distilled. 

Nitric Oxide.—Reduction of nitrite by ferrous ion (Inorg. Synth., 1946, 2, 126) was adapted 
for use with a vacuum system. 

Perfluoronitrosomethane and Perfluoro-1-nitrosopropane.—In a typical preparation 370 mm. 
of R,I and 380 mm. of NO were let in at room temperature to the fused silica bulb of 220-c.c. 
capacity, with a vacuum tap and joint attached, and containing 5c.c. of mercury. The tap was 
closed, and the bulb irradiated (almost touching the mercury resonance lamp previously de- 
scribed) for 2—3 hours. The development of blue colour was a useful guide to the progress of the 
reaction. The volatile mixture was then taken back into the vacuum-system, and stored at 
liquid-oxygen temperatures, the nitric oxide having been pumped off. The silica bulb then 
contained mercury and mercuric iodides, with a little oxide and nitrate, etc., but almost no 
R,HgI or Hg(Ry), (recognised by their characteristic smell). However, the mercury was 
disturbed to leave a fresh surface, and the bulb re-filled with gaseous reactants and irradiated, 
this process being repeated four or five times before it was necessary to wash the bulb out, so 
long as the sides that were being irradiated were clear of the solid products, which collected at 
the bottom. After about 20 such irradiations the bulked product mixture was passed through 
10° aqueous sodium hydroxide in a sintered-disc Drechsel bubbler to remove iodine, CO,, 
COF,, SiF,, NO,, and N,O3, then freed from water by passage through traps at —78-5°, and then, 
in the case of perfluoro-1l-nitrosopropane, distilled (Found: F, 66-1%; M, 199. C,;ONF, 
requires F, 66-83%; M, 199). Fractions were collected, and those whose molecular weight 
was within 1% of 199 were combined and stored at —183°. 

The saturation vapour pressure for this compound is given by log P (mm.) = 9-035 — 1593/T, 
according to which the b. p. (extrapolated) is —14-5°, the latent heat of evaporation at the 
boiling point (L,) 7270 cal., and the Trouton coefficient 28, suggesting that the liquid is strongly 
associated. The m. p. was determined in a Stock apparatus as —151°. 

Since perfluoronitrosomethane was too volatile to be refluxed in the available still, it was 
purified as far as possible by passage through traps at — 162° (isopentane slush-bath), and by 
devices which utilise the observation that the compound is liquid at liquid-oxygen temperatures, 
while its impurities presumably are not; e.g., C.F, melts at —100°. Thus the mixture was 
slowly condensed into a vertical glass tube about 6 mm. in internal diameter and left to run 
down through a constriction (the whole being kept at —183°) although it does tend to wet the 
ring of colourless crystals to some extent. The solid material was then pumped off upwards 
and collected for examination, and the process repeated. The perfluoronitrosomethane presum- 
ably still contained dissolved impurities, and the molecular weights of purified samples were 
usually high, e.g., by 15—2%, and the fluorine content slightly high, which is abnormal in 
estimations by the calcium fluoride method (Found: F, 57-99%; M, 99. CONF; requires 
F, 57-6%; M, 99). The vapour-pressure equation is therefore presented tentatively, and will 
be checked and improved as better methods of distillation are devised : log P (mm.) = 8-006 — 

925-8/T, giving b. p. (extrapolated) —92-6°, L, 4218 cal., and the Trouton coefficient 23-4. Ruff 
and Giese (loc. cit.) obtained —84° as the b. p. of their inseparable mixture, and —82-4° as the 
b. p. of the ‘‘ F*CO*NF, ’’ component. The Trouton coefficient may be considered to be high, 


[1953] Banus: Perfluoroalkyl Compounds of Nitrogen. Part I. 3759 


as low-boiling gases usually have low Trouton coefficients. The low m. p.s of CF;*NO (below 
—183°) and of C,F,*NO suggest that these molecules are not very polar, but on the other hand 
nitric oxide has a high Trouton coefficient, 26-1. 

Magnetic Measurements.—The diamagnetic susceptibilities of the liquid nitroso-compounds 
were measured in sealed tubes at room temperature by Gouy’s method, and found to agree, 
within experimental error (some 4—5%), with the sum of the atomic susceptibilities, — 44-4 and 
—102-4 c.g.s.u. for CF,*NO and for C,F,*NO, respectively. Conductivity water was used as 
standard. 

Ultra-violet Spectrum.—tThe spectrum of C,F,*NO in the visible and the ultra-violet region was 
measured at room temperature, with a transmission-reading Cary recording spectrophotometer. 
The vapour was contained in a 4-cm. silica cell, filled to pressures between 5 and 75 cm. of 
mercury. The blue colour of the gas is due to a very weak absorption band, for which enay = 
19-0 at 6840 A, of oscillator strength (f-value) 0-00020 in the red. This band is markedly 
asymmetrical but, apart from six irregularly spaced and very poorly resolved vibrational bands, 
is almost structureless. The following are representative of the spectral slit-widths used in 
this region: 45 A at 7000 A, 17 Aat 6500 A, 7 Aat 6000 A. A region of more intense absorption 
begins at 2400 A. Between these two chief band systems there was invariably very weak banded 
absorption (¢<0-2), the intensity of which varied from sample to sample, and which is therefore 
confidently ascribed to small and variable quantities of impurity. It is clear from the spectrum 
that photodecomposition is not in question here at least insofar as free radicals might be con- 
cerned (cf. Hammick’s nitroso-compounds, which contained a-hydrogen; Joc. cit.). 

Factors affecting the Yields of Nitroso-compounds.—The overall yield of reasonably pure 
material from the method described was about 75%, for C,F,*NO and somewhat less for CF,*NO, 
relative to the iodide taken; little or no iodide was recovered. With care, these yields could 
be improved, and they were of course reduced when the compound was extensively purified for 
physical measurements; e.g., when the products of the irradiations of 18 propyl iodide and nitric 
oxide mixtures were bulked, washed, and distilled, 1350c.c.* (i.e., 5-53 g., 82%) of perfluoro- 
nitrosopropane of molecular weight 199 -+- 2 were obtained. With other sources of ultra- 
violet light, the proportion of R,*NO to decomposition products was drastically reduced, perhaps 
because the increase of temperature, with a lamp running hot, accelerated decomposition 
reactions. The preparation was also less efficient when carried out in a sealed tube under 


pressure; e.g., 1028 c.c. of perfluoropropyl] iodide were sealed, with 1040 c.c. of nitric oxide and 
5 c.c. of mercury in a silica Carius tube of approximately 95 c.c. capacity, and this was then 


placed inside the spiral mercury resonance lamp for 5 hr. A very large amount of mercuric 
nitrate was formed, together with oxide, etc., and very little nitroso-compound, presumably 
owing to bad mixing; similar sealed-tube preparations of perfluoronitrosomethane were slightly 
more successful, perhaps because of the greater volatility of methyl than of propyl iodide. 
When the tube was shaken (outside the spiral), the yield increased somewhat, but not above 
20%, measured on the iodide taken; 205c.c. of C;F,;*NO were recovered. In general, the greater 
the proportion of decomposition products, which are complex, the greater is the loss of nitroso- 
compound in the separation process, and this widens the gap between the yields from good and 
from bad preparations. 

Decomposition Reactions of the Nitroso-compounds.—14-5 C.c. of perfluoronitrosopropane 
were sealed in a glass tube together with 5 c.c. of mercury, and the tube was shaken at room 
temperature until the blue colour disappeared completely. This took 24 hr. for C,F,*NO, and 
about 20 hr. for CF,*NO in a similar experiment. This reaction was accelerated when the 
temperature was raised, as in the vicinity of an ultra-violet lamp. The products of this reaction 
and of the decomposition of the nitroso-compounds at room temperature alone or with animal 
charcoal will be discussed in a later communication, and also their relation to other perfluoro- 
alkyl-nitrogen compounds separated during the preparation of the nitroso-compounds. 

Preparation from the Silver Salt.—In view of the success of the silver salt preparation of the 
perfluoroalkyl iodides a similar reaction was attempted: R,*CO,Ag -+- NOC1—®» R,°NO + 
CO, + AgCl. It was hoped, also, to shorten by one step the route from the commercially 
available acid to the nitroso-compound. Nitrosyl chloride was made by the action of sodium 
chloride on nitrosyl hydrogen sulphate, made by the interaction of sulphur dioxide and 
nitric acid (Inorg. Synth., 1946, 2, 251). To 4 g. of C,F,-CO,Ag (0-0125 mole) and 10 c.c. of 
heptacosafluorotributylamine (an inert solvent) were added 1-2 c.c. (0-025 mole) of liquid NOCI, 
and the tube was then heated for 10 days, the temperature being increased daily as no blue 


* Here, and for similar measurements recorded later, volumes are corrected to N.T.P. 
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coloration could be seen. The final temperature was 210°, and still no blue colour was visible, 
either at room temperature or at — 182°, although such colour might have been masked by NOCI. 
The volatile materials were taken off and washed with alkali, much CO,, SiF,, etc., being present. 
The washings deposited silicic acid on acidification. After tedious fractionation, 9-8 c.c. of 
C,F,*NO, representing a yield of 13-5% measured on the silver salt taken, were obtained. 
Perfluoro-nitropropane and -hexane were identified in the products by molecular-weight deter- 
mination, tensimetry, and quantitative analysis. The less volatile residue smelt strongly of 
fluorocarbon acid, and the silver was present as chloride. No nitrate was detected. 

Perfluoroalkyl-nitro-compounds.—The nitroso-compounds are smoothly oxidised to the nitro- 
compounds. This conversion was first effected by the action of manganese heptoxide in acetic 
acid, but 30% hydrogen peroxide was later found more convenient. In the first experiment 
61-8 c.c. of perfluoronitrosopropane were sealed, together with 15 c.c. of 30% hydrogen peroxide, 
in a Carius tube of about 110-c.c. capacity, and the tube heated for l-hr. periods successively 
at 65°, 78°, 90°, and 100°; at 100° the blue colour disappeared. The volatile material was 
removed, and oxygen pumped off from it, and on distillation carbon dioxide was found to be 
present in the first fraction. The gas was therefore washed with aqueous 20% potassium 
hydroxide and redistilled. The bulk of the material, several successive fractions, had a molecular 
weight of 219, and this was therefore accepted for perfluoro-1-nitropropane as the compound is 
not very volatile, and as the different fractions were found to be tensimetrically equivalent and 
the analysis correct (Found: F, 61-2. C,O,NF, requires F, 61:8%; M, 215). Top and tail 
fractions of lower molecular weight were rejected; 42-1 c.c. (yield 68%) were isolated. This 
compound had vapour pressures agreeing with log P (mm.) = 8-072 — 1539/T, from which the 
b. p. (extrapolated) is 23-2°, L, 7023 cal., and the Trouton coefficient 23-7. The residual per- 
oxide contained fluoride ion, probably produced by decomposition of the nitroso-compound. 
The aqueous alkali washings contained no fluoride ion. 

A similar reaction mixture for the preparation of perfluoronitromethane was heated succes- 
sively for l-hr. periods at 100°, 110°, 120°, and 130° before the blue colour finally disappeared at 
140°. After being washed with aqueous alkali the volatile material was distilled through 
the —78-5° column but did not reflux; however, all fractions had a molecular weight of 115 
(Found: F, 49-5. CO,NF, requires F, 49-69%; M,115). From the vapour-pressure equation, 
log P (mm.) = 8-202 — 1275/T, the b. p. (extrapolated) is —33-6°, L, 5820 cal., and the 
Trouton coefficient 24:3. 

The nitro-compounds are, of course, colourless, and are recovered quantitatively from 
aqueous alkali. 

Interaction of Perfluoropropyl Iodide and Dinitrogen Tetroxide.—The pure tetroxide used was a 
gift from Dr. A.E.Comyns. 1400 C.c. of the iodide were sealed, together with 2240c.c. of tetroxide, 
in a silica Carius tube, which was then irradiated overnight by Osram high-pressure mercury- 
vapour lamps (type MB/V, 125 w, with the glass envelope removed) as sources of ultra-violet 
light. Much iodine developed and some white solid was visible. After a further 24 hr. the 
mixture was frozen in liquid oxygen, whereupon some deep blue coloration was visible. After 
the product had been washed with alkali the blue colour could no longer be seen (on freezing), 
and so it was probably due to dinitrogen trioxide rather than to nitroso-compound. The 
alkali contained much fluoride ion and silica. The product was distilled, and in the first instance 
6 fractions of different ‘‘ molecular weight ’’ were collected. The material of molecular weight 
217, formed in about 10% yield based on the iodide, was identified tensimetrically and by 
qualitative analysis as perfluoronitropropane; the isomeric nitrite would be expected to be 
much more volatile, and presumably unstable to ultra-violet light. Low-boiling fluorocarbons 
were not found to any extent, although CF,°CF°CF, and C,F,, were isolated, and characterised 
tensimetrically and by qualitative analysis. Other products await characterisation by infra- 
red absorption. 

Interaction of Silver Perfluorobutyrate and Dinitrogen Tetroxide.—To 4 g. of the silver salt 
(0-0125 mole) and 10 c.c. of perfluorotributylamine was added 1 g. (0-011 mole) of tetroxide ; 
the mixture was sealed in a Carius tube of 195 c.c. capacity and heated at 200° overnight. The 
product was at least as complex as in the previous experiment; a small yield (ca. 12%) of 
nitro-compound, was isolated, and the other compounds await characterisation. 

Perfluoropropyl Iodide and Silver Nitrate -——The dry nitrite (0-73 g.), dibutyl ether (10 c.c., 
distilled from sodium), and the iodide (1 g.) were sealed in a 20-c.c. glass tube, which was then 
shaken in the dark at room temperature for 120 hr. This method is successful with alkyl 
nitro-compounds (Kornblum e¢ al., J. Amer. Chem. Soc., 1947, 69, 307; 1948, 70, 746). The 
more volatile portion was then examined for perfluoronitropropane and for the corresponding 
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nitrite, and the solid residue for silver iodide, with negative results; in fact, the iodide was 
reasonably quantitatively recovered. 


The author thanks Dr. I. G. Ross for measuring and commenting on the ultra-violet and 
visible spectrum of perfluoronitrosopropane, Imperial Chemical Industries Limited, General 
Chemicals Division, and the Minnesota Mining and Manufacturing Company, St. Paul, Minnesota, 
for gifts of fluoro-chemicals, and members of the Department of Chemistry (including Dr. N. 
Kornblum) at University College for help and encouragement. i 
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769. Reactions of Fluorocarbon Radicals. Part XII.* The Synthesis 
of Fluorocarbons and of Fully Fluorinated Iodo-, Bromo-, and Chloro- 


alkanes. 
By R. N. HASZELDINE. 


The reaction of trifluoroiodomethane or of pentafluoroiodoethane with 
tetrafluoroethylene yields only CF,°[CF,°CF,],*I or CF,°CF,°[(CF,°CF,},°1. 
Isolation of the individual members of each series thus gives CF,*(CF,],,°1 (m = 
2—15). The mechanism and control of the polymerisation reaction are 
considered. The fluoroiodoalkanes have been converted into the compounds 
CF,°[CF,],,°X where X = H, Cl, Br, or F, and these compounds are compared 
with their unsubstituted (by fluorine) analogues. Perfluorocyclobutane and 
perfluorocyclopropane are by-products from the photochemical reactions of 
tetrafluoroethylene; the infra-red spectrum of the perfluorocyclopropane 
readily distinguishes it from the isomeric hexafluoropropene. 


THE first paper of this series (Haszeldine, J., 1949, 2856) described the reaction of tri- 
fluoroiodomethane with tetrafluoroethylene to give a polymer of the general formula 
CF,:[CF,°CF,],"I from which small amounts of compounds with » = 1, 2, etc., were isolated. 
This reaction has been investigated in detail, and as reported earlier (Nature, 1951, 167, 
139; 168, 1028) can now be controlled to give good yields of the compounds with » = 1—10. 
The present paper gives details of the similar reaction with pentafluoroiodoethane and of the 
conversion of the fully fluorinated iodoalkanes into the 1H-fluorocarbons ¢ and into the 
corresponding fully fluorinated chloro- and bromo-alkanes. 

The reaction of trifluoroiodomethane with tetrafluoroethylene involves a radical chain : 


hy 
CF,1 ——+» CF,: + I- 
Initiation : CF,° + C.F, ——» CF,’CF,°CF,° 
Propagation: CF,;°CF,°CF,° + (x — 1)C,/, ——» CF,-[CF,CF,],° 
Transfer : CF,°CF,°CF,° + CF,] ——» CF,CF,°CF,I + CF;: 
CFy°(CF,°CF,],° + CF, ——» CF,(CF,°CF,],°1 + CF;°, etc. 


The main factors which determine the value of in CF,°(CF,°CF,],°I are the relative 
concentrations of the chain transfer agent (1.e., trifluoroiodomethane), the monomer (1.e., 
tetrafluoroethylene), and the growing polymer radical. When the ratio of trifluoroiodo- 
methane to tetrafluoroethylene is high, the C,F, radical produced by addition of a CF; 
radical to tetrafluoroethylene reacts preferentially with the fluoro-iodide to give hepta- 
fluoroiodopropane and regenerate a trifluoromethyl radical. This chain transfer is best 
effected in the liquid phase where the concentration of trifluoroiodomethane is at a maxi- 
mum. The reaction of trifluoroiodomethane with tetrafluoroethylene in the vapour phase 
gives substantially more of the polymer with » >2, since the relative concentration of tri- 
fluoroiodomethane is lower, and the chance is high that the heptafluoroiodopropane formed 
in the vapour phase can undergo subsequent homolytic fission to generate a CF, radical 
which then combines with tetrafluoroethylene. Thus, when the molar ratio of trifluoro- 
iodomethane to tetrafluoroethylene is 10: 1 and only the liquid reactants are exposed to 


* Part XI, J., 1953, 3219. t 1# denotes a single H atom at position 1 (cf. J., 1952, 5059). 
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light, the yield of heptafluoroiodopropane is much higher (94°) than when a molar ratio 
of 5: 1 is used (81%), or when the vapour phase is irradiated (12%). 

When the conditions are such that the trifluoromethyl radical can combine with a 
molecule of tetrafluoroethylene and then with a second molecule of the olefin to give a 
C;F,, radical, the conditions are also such that the C,F,, radical will tend to continue the 
polymerisation, and a spread of products with n = 3—10 is obtained. Equimolar amounts 
of trifluoroiodomethane and tetrafluoroethylene thus give the compounds with m = 1, 2, 3, 
and >3 in 16, 10, 5, and 63% yield respectively, and when the molar ratio of trifluoroiodo- 
methane to tetrafluoroethylene is 1 : 10 only small amounts of liquid products are obtained, 
and m has a value 10—20. 

The wave-length of the light used to generate the trifluoromethy] radical which initiates 
the chain also affects n: light of shorter wave-length generates a more energetic radical, 
and in turn leads to a C,F, radical which tends to propagate. This is apparent from 
comparison of results where Pyrex or silica reaction vessels are used, 1.e., where the initiat- 
ing radiation is of 4 >3000 or >2200 A, respectively. 

Each member of the polymer series CF,*[CF,°CF,],°I is a fluoro-iodide with properties 
very similar to those of trifluoroiodomethane. The ratio of trifluoroiodomethane to the 
polymeric product must thus also be high, otherwise towards the end of the reaction the 
polymer already formed undergoes further reaction with tetrafluoroethylene : 


hy mC,F, CF,-[CF,-CF,]n'I ; 
CF,-[CF,CF,],"I ——» CF,-[CF,°CF,]e* ——> CF,*[CFy°CF]e4.0° ————_—__ CF [CF yCFy]m0'l 


Since a fluoro-iodide CF,*[CF,],*I can be converted into the fluoro-iodide CF,*[(CF,), + 2°I 
in high yield by reaction with a small amount of tetrafluoroethylene, the optimum method 
for the synthesis of the longer-chain perfluoroalkyl iodides is to proceed stepwise (t.e., 
C,F,1 —» C;F,,1; C;F,,I —» C,F,;I; etc.). 

The thermal reaction of trifluoroiodomethane with tetrafluoroethylene in glass vessels 
is more difficult to control, since the reactants are mainly in the vapour phase and a large 
excess of trifluoroiodomethane cannot be maintained. Reaction in an autoclave of a large 
excess of trifluoroiodomethane with tetrafluoroethylene, added portionwise, gives good 
yields of the 1: 1 (50%), 1: 2 (20%), and 1 : 3 (8%) addition products, and this method is 
convenient for the large-scale preparation of the fluoro-iodides containing up to fifteen 
carbon atoms. 

The boiling points of the fluoro-iodides CF,*[(CF,°CF,],"I increase by ca. 40° per CF,°CF, 
unit, so that separation of individual members of the polymer series is not difficult. The 
compounds with = 5—10 are readily soluble in ether and can thus be separated from 
compounds with  >20 which resemble polytetrafluoroethylene in appearance and pro- 
perties. The marked increase in solubility of the fully fluorinated iodoalkanes in electron- 
donor solvents relative to the solubility of the corresponding fluorocarbons is ascribed to 
molecular-compound formation of the type recently described for heptafluoroiodopropane 
(Haszeldine, J., 1953, 2662). 

Pentafluoroiodoethane reacts with tetrafluoroethylene under conditions similar to those 
described for trifluoroiodomethane to give a polymer CF,°CF,"(CF,°CF,},"I. The compound 
with m = 1 can be prepared in 91% yield, and fluoro-iodides containing up to sixteen carbon 
atoms have been isolated. By taking alternate members of the series CF,*(CF,°CF,],I 
and CF,CF,*[CF,°CF,],"I the complete range of fluoro-iodides CF,-'CF,],,"I can be obtained. 
They are key compounds for the synthesis of fluorocarbon derivatives of the type RX 
(see J., 1951, 2495). The fluoro-iodides were first prepared by this route, but an alternative 
synthesis has been described recently (J., 1951, 584; 1952, 4259). Their ultra-violet 
spectra in light petroleum are given in the following Table. The -CF,°CF,I chromophore is 

Compound } 5 Anin. Emin. Compound po Emax. 
. 290 

270 

310 

320 

310 


* Vapour spectra. 
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characterised by a band ca. 271 mu, whereas the -CF,*CFI-CF,* chromophore shows a band 
ca. 280 mu (Haszeldine, J., 1953, 3559). 

Compounds of the type CF,-(CF,],°CF:CF*[CF4),.°CF3, CF3*(CFg]n*CF:CF,, or 
CF;°(CF,|,"CF,; are not products from the reaction of trifluoroiodomethane with tetra- 
fluoroethylene, t.e., radical combination or disproportionation does not occur to any extent. 

The fully fluorinated iodoalkanes are converted into the corresponding 1H-compounds 
by reaction with alcoholic potassium hydroxide at ca. 100° (cf. Banus, Emeléus, and Haszel- 
dine, /., 1951, 60), or with hydrogen at 350°. The hydrogen atom in the 1H-compounds 
is less reactive than in a hydrocarbon, but by photochemical halogenation it can be replaced 
by chlorine or bromine. 

Irradiation of the fully fluorinated iodoalkanes and chlorine or bromine gives high 
yields (>90%) of the fully fluorinated chloro- or bromo-alkanes. These compounds, some 
of which have also been prepared from the corresponding carboxylic acids (J., 1952, 4259), 
are almost as inert as the fluorocarbons. 


200° 


a,CH,[CH,JwI d, CF,(CFgleIg, CHy[CH,]a'H 
b, CHy(CH,)|,"Br e, CFy[CF,|Br h, CFy(CF, x" 
c, CHy[CH,'yCl_ f, CFy(CFyigCl i, CFy*(CFy|ntF 


7 
No. of carbon atoms 


Although perfluorohexadecane has been prepared from cetane by the cobalt fluoride or 
the elementary-fluorine method (Haszeldine and Smith, /., 1950, 2689, 2787, 3617), there is 
appreciable decomposition when compounds with more than nine carbon atoms are fluori- 
nated. More important is the isomerisation which occurs: n-heptane, for example, gives 
perfluorodimethyleyclopentane (3°) and perfluoroethylcyclopentane (8%) (Burford et al., 
Ind. Eng. Chem., 1947, 39, 319). Since the isomeric fluorocarbons have very similar 
boiling points, it is Cifficult to obtain a pure fluorocarbon by direct fluorination. Pure 
fluorocarbons can now be synthesised in 70—90°%, yield from the fluorinated iodoalkanes 
CF,-[CF,],*I : iodine is replaced by fluorine by use of cobalt trifluoride, fluorine, bromine 
trifluoride, chlorine trifluoride, or antimony pentafluoride. The infra-red spectra of the 
synthetic fluorocarbons CF,*{CF,],°F will be discussed in another paper. 

The boiling points of the fluorocarbons, the 1H-fluorocarbons and the fully fluorinated 
1-chloro-, 1-bromo-, and 1-iodo-alkanes are compared with those of the corresponding 
hydrocarbons, and chloro-, bromo-, and iodo-alkanes in the Figure. The compounds 
CF,*[CF,],*X boil about 60° below the unsubstituted compounds CH,*(CH,],;X (X = Cl, 
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Br, I) despite the much higher molecular weight, but the boiling-point difference is less 
marked for CF,*[CF,],*H and CHg*[CHg],"H. The boiling-point curve for the hydrocarbons 
cuts across the curves for the fluorocarbons, for the 1H-fluorocarbons, and for the fully 
fluorinated chloroalkanes at C4, Cg, and Cy, respectively. 

The volatile by-products from the photochemical reactions of tetrafluoroethylene are 
perfluorocyclobutane (1%) and perfluorocyclopropane (3%). They are transparent to light 
of the wave-length used, and, once formed, do not react further. Perfluorocyclopropane 
was originally considered to be a product from the pyrolysis of chlorodifluoromethane 
(Benning, Downing, and Park, U.S.P. 2,394,581/1946), but the C.F, so obtained was later 
shown to be hexafluoropropene by infra-red, Raman, and electron-diffraction studies 
[(a) Young and Murray, (6) Edgell, and (c) Buck and Livingston, J. Amer. Chem. Soc., 1948, 
70, 2814, 2816, 2817]. Atkinson (J., 1952, 2684) recently reported a compound C,F, 
produced by the mercury-sensitised photochemical polymerisation of tetrafluoroethylene, 
and showed that it had a melting point (—80°) much higher than that of hexafluoropropene 
(—156°); it was concluded that the compound was perfluorocyclopropane. The constitu- 
tion of the C,F, isolated during the present work follows from its boiling point (—31-5°, 
cf. hexafluoropropene, b. p. —29-8°) and from its infra-red spectrum. This readily dis- 
tinguishes it from hexafluoropropene as shown in the following Table : 


AF, 
CF,°CF:CF, F,C“ *\cr, 
C:C stretching vibration 5-56 pu No major band below 7 » 
C-F stretching vibration 8-29, 8-50 u C-F stretching vibration 7-85 pu 
No major band 11—12 Extremely strong band at 11-60» 
Strong band at 9-67 uw No major band 9-1—10-0 pu 
Strong band at 13-05 pw No major band 12-5—13-5 p 
Furthermore, comparison of the infra-red spectrum with that of a specimen of the C,F, 
first isolated by Dr. Atkinson shows that the two are identical. There is thus no doubt 
but that both compounds C.F, exist. The perfluorocyclopropane is probably formed by 
reaction of a CF, radical with tetrafluoroethylene : 
CF, + C.F, — CFyCF, + -CF. 
C.F, —» 2CF, 
CF, + *CF,° — cyclo-C3F, 
(see also Atkinson, loc. ctt.). 
EXPERIMENTAL 

Trifluoroiodomethane and pentafluoroiodoethane were prepared as described earlier (/., 
1948, 2188; 1949, 2953). Tetrafluoroethylene was purified by distillation in a vacuum system. 
Molecular weights were determined by Regnault’s method. Unless otherwise stated, the fluoro- 
iodides described below were identical with the compounds prepared by an alternative route 
(Haszeldine, J., 1952, 4259) where analytical data are given. The use of reaction tubes of 
20—50-ml. capacity means that most of the trifluoroiodomethane or pentafluoroiodomethane 
is in the liquid phase. 

Photochemical Reaction of Trifluoroiodomethane with Tetrafluoroethvlene.—VYields are based 
on tetrafluoroethylene; when the yield was low the experiment was done in duplicate and the 
products were combined for distillation. 

(a) Excess of trifluoroiodomethane  Trifluoroiodomethane (19-6 g., 0-1 mole) was sealed in a 
50-ml. Pyrex tube with tetrafluoroethylene (1-00 g., 0-01 mole) and the liguid phase was ex- 
posed to ultra-violet radiation from a Hanovia lamp at a distance of 10 cm.; the vapour phase 
was shielded and the tube was shaken in a vertical position. After 3 hr. a further quantity of 
tetrafluoroethylene (1-00 g.) was added and the process was repeated. Distillation then gave 
trifluoroiodomethane (15-5 g.), heptafluoro-l-iodopropane (5-2 g., 94%), b. p. 39—40°, undeca- 
fluoro-1-iodopentane (0-3 g., 4%), b. p. 94—96°, and traces of material with a higher b. p. A 
similar experiment with a silica vessel gave trifluoroiodomethane (15-3 g.), heptafluoroiodo- 
propane (76%), undecafluoro-l-iodopentane (15%), pentadecafluoro-l-iodoheptane (5%), 
b. p. 134—138°, and a small residue. 

The above experiments, repeated with the tetrafluoroethylene added in one portion (2-0 g.), 
gave (Pyrex vessel) heptafluoroiodopropane (81%), undecafluoroiodopentane (8%), and penta- 
decafluoroiodoheptane (3%), and (silica vessel) 62, 21, and 12% of the same compounds. 
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The first experiment was repeated and the vapour phase was irradiated. A very rapid 
reaction could be observed, and small particles of solid were formed as a mist inside the tube and 
finally deposited on the side. The products were heptafluoroiodopropane (12%), undecafluoro- 
iodopentane (9%), pentadecafluoroiodoheptane (5%), and solid products (70%) (see below). 

(b) Equimolar amounts of trifluoroiodomethane and tetrafluoroethylene. The conditions of the 
first experiment of (a) above were applied to trifluoroiodomethane (3-95 g., 0-02 mole) and 
tetrafluoroethylene (1-00 g., 0-01 mole). The liquid-phase reaction was rapid and solid was 
deposited after 10 min. The tube was opened, a second 1-00-g. portion of tetrafluoroethylene 
was added, and irradiation was continued for 30 min. Distillation gave heptafluoroiodopropane 
(16%), undecafluoroiodopentane (10%), pentadecafluoroiodoheptane (5%), and solid products 
(63%). The corresponding yields if the 2-00 g. of tetrafluoroethylene were added initially were 
4, <0-5, and 90% respectively. 

The products when a silica vessel was used were mainly solid, although traces of liquid (ca. 
2%) were isolated. 

(c) Excess of tetrafluoroethylene. Trifluoroiodomethane (0-4 g., 0-002 mole) and tetra- 
fluoroethylene (2-0 g., 0:02 mole), sealed in a Pyrex tube the lower portion of which was shielded 
from light, were exposed to ultra-violet light for 1 hr. Rapid growth of the polymer could be 
observed in the vapour phase, and the small nuclei which initially appeared as a mist grew and 
formed amorphous particles ca. 1 mm. in diameter. These moved rapidly round the tube before 
becoming attached to the walls or sinking to the bottom of the vessel. The motion of the poly- 
mer particles ceased when the light was removed. The product was solid polymer (95%), but 
small yields of heptafluoroiodopropane, undecafluoroiodopentane, and pentadecafluoroiodo- 
heptane (2—5%) collected in the shielded portion of the tube. Prolonged irradiation gave only 
solid products. 

Thermal Reaction of Trifluoroiodomethane with Tetrafiuoroethylene.—(a) Excess of trifluoro- 
iodomethane. Trifluoroiodomethane (5-50 g., 0-027 mole) and tetrafluoroethylene (1-00 g., 0-01 
mole) were sealed in a 50-ml. tube which was heated slowly to 200° during 8 hr. Fractionation 
gave heptafluoroiodopropane (23%), undecafluoroiodopentane (8%), pentadecafluoroiodoheptane 
(5%), and solid products (60%). 

(b) Excess of tetrafluoroethylene. Trifluoroiodomethane (2-0 g., 0-01 mole) and tetrafluoro- 
ethylene (2-0 g., 0-02 mole) were similarly treated and yielded heptafluoroiodopropane (9%), 
undecafluoroiodopentane and pentadecafluoroiodoheptane (3%), and solid products (87%). 

(c) In an autoclave. Trifluoroiodomethane (40-3 g.) and tetrafluoroethylene (5-0 g.) were 
heated to 220° during 8 hr. in a 50-ml. autoclave; 5-0 g. of tetrafluoroethylene were added and 
the cycle was repeated. A total of 20-0 g. of tetrafluoroethylene were added in this way. 
Distillation gave heptafluoroiodopropane (51%), undecafluoroiodopentane (21%), pentadeca- 
fluoroiodoheptane (8%), and solid products (15°%). The yield of the lower members of the 
polymer series is increased if only one addition of tetrafluoroethylene is made and the product 
is then distilled, but the process is tedious. 

Solid Products from Trifluoroiodomethane and Tetrafluoroethylene.—The products from the 
photochemical reactions when the yield of heptafluoroiodopropane was <10% were combined 
and distilled through a short heated column the take-off of which was heated to prevent blockage. 
The new compounds are shown in the following Table. Yields are expressed as % by wt. of the 
crude solid product. Compounds of higher b. p. can be isolated from the still residue when 
required. 

Found (%) Reqd. (% 
Compound B. p./mm. Yield (%) Cc I Cc I 
83—87°/45 31 18-3 21-1 18-1 21:3 


(180—182°/760 micro-b. p.) 
115—120/43 26 19-1 18:3. 19:0 18-2 
102—104 /10 19 195 16-1 19-6 16-0 
99—105/3 9 20-1 14-0 20:1 14-2 
>, average composition, C,,F,4,1 15 21-3 96 21:3 9-8 


The solid products from autoclave experiments on the scale shown above were distilled to 
give: 


1 7 


Compound CBal CBs: CusPasl CaVeal Residue 
5 2 11 4 


Yield (°% of crude) 7 


Fluorocarbons were not detected in the intermediate fractions in the above distillations, 
Volatile Products from Photochemical Reactions involving Tetrafluoroethylene.—The volatile 
products from the photochemical experiments in which an excess of tetrafluoroethylene had 


7s 
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been used were exhaustively fractionated in vacuo. The most volatile fraction was treated 
with bromine to remove tetrafluoroethylene; there was no residue, t.e., hexafluoroethane is 
not a product. Spectroscopic examination of the other products revealed perfluorocyclobutane 
(1%) and perfluorocyclopropane (3% based on tetrafluoroethylene), b. p. —31-5° (isoteniscope) 
(Found: C, 24-0; F, 756%; M, 150. Calc. for C,F,: C, 24:0; F, 760%; M, 150). The 
infra-red spectrum of this compound distinguishes it from hexafluoropropene. 

Photochemical Reaction of Pentafluoroiodoethane with Tetrafluoroethylene.—(i) Excess of 
pentafluoroiodoethane. Under conditions identical with those for the photochemical reaction 
of trifluoroiodomethane (a) above, pentafluoroiodoethane (25 g., 0-1 mole) and tetrafluoroethyl- 
ene (two portions of 1-0 g.; 0-02 mole total) irradiated in the liquid phase in a Pyrex vessel gave 
nonafluoro-1-iodobutane (6-3 g., 91%), b. p. 66—68°, tridecafluoro-l-iodohexane (0-4 g., 4%), 
b. p. 116—119°, and solid products (ca. 1 g.). 

The products in a silica vessel were nonafluoroiodobutane (61%), tridecafluoroiodohexane 
(17%), heptadecafiuoro-\-iodo-octane (7%), b. p. 95°/103 mm., 160—161°/760 mm. (micro) 
(Found: C, 17-7; I, 23-0. C,IF,, requires C, 17-6; I, 23-3%), and solid products (6%). 

(ii) Excess of tetrafluoroethylene. The results were similar to those described above for 
trifluoroiodomethane, and solid polymer was the main product (see below). 

Solid Products from Pentafluoroiodoethane and Tetrafluoroethylene.—The solid products from 
the photochemical and autoclave experiments were distilled, to give the new iodc-compounds 
shown in the Table. Yields are as % by wt. of the crude solid : 

Found (%) Reqd. (°%) 
Compound B. p./mm. Yield (%) CG I G 
102—106°/45 34 18-7 
200°/760 (micro b. p.) 
ITE andvcuyaunkscgeeee 108—110/18 20 19-2 
EI ESD 93—97/5 1] 20-0 
3! 87—94/0-5 4 20-2 
oF ssl 31 21-5 


ole! 


“uk 
6 


I 


° 
‘3 


The fluoro-iodides CF,*[CF,],°I with » >8 are white waxy solids which sublime as plates in 
vacuo, and closely resemble the perfluoroalkanes. The crystals become pink on exposure to 
ultra-violet light. 

Reaction of Heptafluoroiodepropane, Nonafluoroiodobutane, or Undecafluoroiodopentane with 
Tetrafluoroethylene.—The fluoro-iodides were sealed with tetrafluoroethylene (3 x 1 g.) in a 
silica tube, and the liquid phase was irradiated for 3 hr. after the addition of each portion of 
tetrafluoroethylene. Distillation gave the following results : 

Product (°4) 
= > =_— 
Solid 
22 
32 
59 


Starting compound 


Replacement of Iodine in fully Fluorinated Iodoalkanes by Hydrogen, Chlorine, Bromine, or 
Fluorine.—(a) By hydrogen. Alcoholic potassium hydroxide (400% of 10°) was heated with 
the fluoro-iodide (3 g.) at 100—130° for 10 hr. to give the corresponding 1H-fluorocarbons 


shown in the Table : 
Found : Required : 
Compound np Yield (%) C(%) M iy M 
»3F ,H * 170 21-2 170 
BRI shi nese naoinaeanncseeeen 220 21°! 220 
>5F 1H 270 22°2 270 
oeF 13H 320 22-5 320 
OEY er eee 367 22: 370 
ES, GRY anes eer 69—70°/149 mm. _ 

(micro-b. p. 118°/760 mm.) 

* Haszeldine, J., 1952, 3423, reports b. p. —14°. 


I =1 bo 
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The compounds C;F,H, C,F,H, and C,F,,H were also obtained (> 80%) by reaction of the 
corresponding fluoro-iodides with hydrogen (60 atm.) at 350° in presence of Raney nickel 
catalyst. The C-H stretching vibration in the infra-red is at 3-35 u. 

(b) By bromine. The fluoro-iodide (1—2 g.) was sealed in a silica tube with a 10% excess of 
bromine and the mixture was irradiated by ultra-violet light for 7 days. The procucts were 
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washed with aqueous sodium hydroxide and fractionated in vacuo, to give the bromo-compounds 
shown in the annexed Table. The compounds were first obtained by this route and are identical 
with those prepared from the silver salts of the corresponding acids (Haszeldine, J., 1952, 


Yield (%) M (found) M (calc.) 
92 200 199 
98 249 249 
95 298 299 
90 348 349 
91 395 399 


(c) By chlorine. Reaction of the fluoro-iodide (1—2-5 g.) with a 30% excess of chlorine as 
in (b) above gave the products CF,*(CF,],°Cl shown in the annexed Table. 


Yield (%) M (found) M (calc.) 
98 5 154-5 
97 20¢ 204-5 
98 255 254-5 
96 ; 304-5 
95 358 354-5 


109—110 93 ‘ 404-5 


(d) By fluorine, by means of cobalt trifiuoride or fluorine. The fluoro-iodide (2-5—3-5 g.) was 
added dropwise to a horizontal cobalt fluoride reaction vessel heated at 350—400° and charged 
with 100 g. of cobalt trifluoride. The products were condensed in a trap cooled by liquid oxygen, 
and were washed with dilute aqueous sodium hydroxide and distilled, to give the fluorocarbons 
shown in the annexed Table. See Haszeldine and Smith, J., 1951, 603, for the physical 
properties of fluorocarbons prepared from the corresponding hydrocarbons. 


Yield (%) Found ‘alc. 
89 (77) M, 190 M, 188 
87 (81) M, 238 M, 238 
84 (72) M, 286 
78 (—) M, 

79 (67) M, 


ua ow & & 
z xj °=} °F} 


Cc 
C 
C 
C 
C 
C 
C 
C 
C 
Cc 


In an alternative method, the fluoro-iodide (2-5—-3-0 g.) was vaporised by addition drop- 
wise to a heated steel vessel whence it was carried by a stream of oxygen-free nitrogen into a 
reaction chamber, 12’ long, packed with gold-plated copper turnings in the way described by 
Haszeldine and Smith (/., 1950, 2689 ez seq.) and heated to 150°. A slight excess of fluorine 
diluted by nitrogen (1 : 10) was passed into the reactor simultaneously. The reaction products, 
treated as described above, gave the yields shown in parentheses in the Table. 

(e) By fluorine, by means of bromine or chlorine trifluoride or antimony pentafluoride. To the 
fluoro-iodide (2 g.) in a small cylindrical nickel trap cooled by liquid nitrogen was added drop- 
wise a 200% excess of bromine trifluoride. The gaseous products were collected in a silica 
trap cooled by liquid nitrogen. After the addition of 5 drops of the halogen fluoride, the tem- 
perature was allowed to rise to ca. — 20°, to complete the vigorous reaction and prevent accumul- 
ation of an excess of bromine trifluoride in presence of unchanged fluoro-iodide. The vessel 
was then cooled and further halogen fluoride added. 1t is important to control the reaction in 
this way to prevent small explosions. The gaseous products were treated as in (b) above, 
Only traces of bromofluorocarbons were detected. The yields are shown in the Table below. 

The reaction of chlorine trifluoride and the more volatile fluoro-iodides (C,—C,) was carried 
out in the vapour phase at 50—100°, in the apparatus described for fluorine [(c) above]. Chlorine 
trifluoride was diluted by nitrogen (1:10) and passed slowly through the less-volatile fluoro- 
iodides in a silica vessel cooled to 10—20°. The products were washed with aqueous alkali 
and purified by distillation. The chloro-fluorocarbon (up to 15%) was obtained as by-product 
in each case. The yields are shown in the Table. 

The fluoro-iodide under investigation (2 g.) was sealed with an excess of antimony penta- 
fluoride in a small autoclave which was then heated at 250° for 8 hr., then stepwise to 320° 
during 24 hr. Distillation gave the results shown in the Table. 
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Fluorocarbon C3F, C.F ip ae CF. 
Reagent BrF, CIF, SbF, BrF, CIF, SbF, BrF, CIF, SbF, BrF, CIF, SbF, 
Yield (%) 70 67 88 61 70 85 6 65 80 71 68 

Fluorocarbon a Ci. a oe 
Reagent BrF, CIF; SbF; BrF, CIF; * aero | oe 
Yield (%) 4 73 66 81 64 _ 5 — —_— 76 — 60 

Conversion of 1H-Fluoroalkanes into Chloro- or Bromo-fluoroalkanes.—In the general pro- 
cedure, the 1H-fluoroalkane (1—2 g.) was sealed in a silica tube with a 250% excess of chlorine 
or bromine. Oxygen was excluded. The tube was then fitted with a heater wound on an 
open frame which fitted over the tube so that the contents of the tube could be heated (100 
150°) and irradiated. A Hanovia lamp was used without the Woods filter, and was placed as 
close as possible to the reaction vessel. Irradiation was continued for 3—4 weeks (this period 
may be excessive), and the products were then distilled to give the results shown below. The 


% of reaction is shown in the Table; the yield was quantitative. 


Compound oe a a a ee C,F,,H  C,F;,;H 
Chloro-compound (%)_ ............ 89 81 77 65 73 
Bromo-compound (%) .........666 62 68 69 58 66 

Ultva-violet Spectra.—A Beckman DU instrument was used. The light petroleum used as 
solvent had b. p. 60—70°. 


The author is indebted to Imperial Chemical Industries Limited, Widnes Division, for gifts 
of tetrafluoroethylene and chlorine trifluoride (1948—1949), and to Dr. B. Atkinson for the 
opportunity to record the infra-red spectrum of his specimen of perfluorocyclopropane. 
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770. The Pfitzinger Reaction of p-Hydroxypropiophenone and 
Similar Phenolic Ketones. 


By No. Px. Buu-Hoi and Jean F. MIQUEL. 


The Pfitzinger reaction of isatin with p-hydroxypropiophenone proved to 
be abnormally slow compared with that of ~-methoxypropiophenone. The 
same observation was made with similar p- and, to a smaller extent, with 
o-hydroxyketones. 


Ir has frequently been pointed out that the Pfitzinger reaction (J. pr. Chem., 1897, 56, 
283) with alkyl aryl ketones proceeds smoothly except when steric hindrance is involved 
(Buu-Hoi, J., 1946, 795; Buu-Hoi and Cagniant, Bull. Soc. chim., 1946, 13, 123, 134; 
Rec. Trav. chim., 1943, 62, 519, 713; 1945, 64, 214; Buu-Hoi and Royer, Bull. Soc. 
chim., 1946, 18, 374; 1950, 17, 489; Rec. Trav. chim., 1951, 70, 825; Mueller and 
Stobaugh, /. Amer. Chem. Soc., 1950, 72, 1598; Buu-Hoi, Royer, Xuong, and Jacquignon, 
J. Org. Chem., 1953, 18, 1209). Sterically unhindered propiophenones and_ butyro- 
phenones, in particular, give high yields of the corresponding cinchoninic acids, within 
12—24 hours at 85—90°. It has now been found that whilst #-methoxypropiophenone 
under those conditions gives 2-p-methoxyphenyl-3-methylcinchoninic acid in excellent 
yield, acceptable yields are obtained from #-hydroxypropiophenone only after at least 
15 days’ heating. This remarkable inertia was also encountered when 5-bromo- and 
5-chloro-isatin were used, and with f-hydroxybutyrophenone; 3-substituted #-hydroxy- 
propiophenones such as the 3-chloro- and the 3-bromo-derivatives showed the same inertia 
to a somewhat smaller extent. These observations were not associated with any chemical 
alteration of the reagents, as the unchanged isatin and ketone could generally be recovered 
on acidification; nor could they be explained by the mere presence of a phenolic group, 
as o-hydroxy-acetophenone, -propiophenone, and -butyrophenone reacted with isatin far 
more rapidly than did the p-isomers. At present, no clear explanation can be offered; it 
should, however, be mentioned that more enolizable hydroxy-ketones such as p-phenyl- 
acetylphenol were more reactive, and that both 2-f-hydroxyphenyl-3-phenyl- and 6- 
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bromo-2-f-hydroxyphenyl-3-phenyl-cinchoninic acid were obtained in 90% yield after 
10 days’ heating. 

2-p-Hydroxyphenyl-3-methylcinchoninic acid has proved a satisfactory substitute for 
atophan, with lower toxicity; it was best prepared in bulk by demethylation of 2-p- 
methoxyphenyl-3-methylcinchoninic acid with pyridine hydrochloride. All the new 
cinchoninic acids were readily decarboxylated to the corresponding quinolines. 


EXPERIMENTAL 

2-p-Methoxyphenyl-3-methylcinchoninic Acid.—A mixture of isatin (10 g.), p-methoxypropio- 
phenone (10 g.), potassium hydroxide (10 g. in 60 c.c. of water), and ethanol (100 c.c.) was 
gently refluxed for 18 hr.; most of the ethanol was distilled off in vacuo, and the residue diluted 
with water and acidified with acetic acid. The precipitated acid (92%) crystallised as colourless 
prisms, m. p. 301—302°, from ethanol (Found: C, 73:7; H, 5:3. C,gH,,O,;N requires C, 
73:7; H, 61%). 

2-p-Hydroxyvphenvl-3-methylcinchoninic Acid.—(a) A mixture of 2-p-methoxyphenyl-3- 
methylcinchoninic acid (5 g.) and redistilled pyridine hydrochloride (50 g.) was gently refluxed for 
45 min.; after cooling and addition of water, the precipitate was purified by digestion with boiling 
acetic acid or recrystallisation from nitrobenzene, giving yellowish prisms (80%) of an acid, 
which did not melt below 350° and gave colourless, water- soluble potassium and sodium salts 
(Found: C, 73-0; H, 4-6. ©,,H,,0,N requires C, 73-1; H, 4-7%). 

(b) A solution of isatin (9-6 g.), p-hydroxypropiophenone (10 g.), and potassium hydroxide 
(10 g.) in water (60 c.c.) was heated at 85—-90° for 20 days; the precipitate (15-5 g.) obtained 
on dilution with water and acidification with acetic acid was purified as above. No sizeable 
amount of this cinchoninic acid could be isolated after 18 hr.’ heating, and the yield obtained 
after 3 days was less than 25%; isatin and p-hydroxypropiophenone were recovered in almost 
quantitative yield. 

Other acids prepared are reported in Table 1. They were purified by recrystallisation from 
glacial acetic acid, except the last two substances in the Table, which required aqueous acetic 
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Substituents Formula 
6-Bromo-2-p-hydroxyphenyl-3-methyl- C,,H,,O,NBr 
6-Chloro-2-p-hydroxyphenyl-3-methyl- C,,H,,0,NCl 
2-(3-Chloro-4-hydroxyphenyl)-3-methyl- C,,H,,0,;NCl 
2-(3-Bromo-4-hydroxyphenyl)-3-methyl- C,,H,,O,;NBr 
2-p-Hydroxyphenyl-3-phenyl- C,.H,,0,N 
6-Bromo-2-p-hydroxyphenyl-3-phenyl- = C nH sO, ‘NBr 
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TABLE 2. Substituted asides 

Found, % Reqd., % 
Substituents M. p Formula C H Cc H 
-p-Methoxyphenyl-3-methyl- 3 C,;H,,ON 81-6 
-p-Hydroxyphenyl-3-methyl- ...............00005. 28 C..HaON 81-5 
-Bromo-2-p-hydroxyphenyl-3- methyl- . Sere C,gH,,ONBr 613 
-Chloro-2-p-hydroxyphenyl-3-methyl- ¢ 202 C,.H,,ONCI 71-0 
2-(3-Chloro-4-hydroxyphenyl)-3-methyl- ¥ 206 C,,H,,ONCI 71-0 
-(3-Bromo-4-hydroxyphenyl)-3-methyl- ¢ 218 CysH,,ONBr 61-2 
6-Bromo-2 -p-hydroxyphenyl-3-phenyl- 4 2% C,,H,,ONBr — 
2-o-Hydroxyphenyl-3-methyl- ...............:6. see ees ¢ C,,.H,,;0N 81-7 
2-0-Methoxyphenyl-3-methyl* ..................... Liquid C,,H,,ON — 
* Picrate, m. p. 198°. ° Picrate, m. p. 213°. ¢ Picrate, m. p. 223—224°. 4 Found: N, 3-4. 
Reqd.: N, 3:7%. ¢ Found: N, 5-5. Reqd.: N, 5-6°%. Prepared from the preceding compound 

by methyl ‘sulphate, it gave a picrate forming yellow prisms, m. p. 188°, from ethanol. 
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acid; they formed colourless or yellowish prisms, which did not melt below 320°. The quinolines 
reported in Table 2 were obtained by heating the acids tm vacuo above the m. p. and 
were recrystallised from ethanol. 
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771. Rearrangement in the Demethylation of 2'-Methoxyflavones. 


By (Miss) K. M. GALLAGHER, (Miss) A. C. HuGues, (Miss) M. O'DONNELL, 
(Mrs.) E. M. Puicain, and T. S. WHEELER. 


Certain 2’-methoxyflavones rearrange during demethylation by hydriodic 
acid under sufficiently drastic conditions, to give the related 2’-hydroxyflavones 
in which the 2-phenyl group and the fused aromatic ring of the original 
flavone are interchanged. Demethylation by aluminium chloride does 
not produce rearrangement. The more stable of each pair of related 2’- 
hydroxyflavones investigated is that in which the 2-phenyl side chain contains 
the smaller number of hydroxyl] groups. 


SHAH, Menta, and WHEELER (/J., 1938, 1555) suggested that a diketone of the benzoyl-y- 
resorcyloylmethane type (II) was intermediate in the production of 5 : 6-dihydroxyflavones, 
e.g., (III), by demethylation by hydriodic or hydrobromic acid of 5 : 8-dimethoxyflavones, 
e.g., (I) (see Wessely and Moser, Monatsh., 1930, 56,97). In agreement with this mechanism 
of decyclisation to a diketone, and recyclization on a second o-hydroxyl group, it has now 


OMe OH 

7\/O py 4 oH OO» pp 
re —>— ss icocHec — LW, 
KA J | co-cH,COPh HO, 

MeO ret OH HO 

(1) (II) (ITT) 

been found (see Philbin and Wheeler, Chem. and Ind., 1952, 449) that some 2’-methoxy- 
flavones (IV), when demethylated by hydriodic acid under sufficiently drastic conditions, 
yield by rearrangement the corresponding 2’-hydroxytlavones (VI) with, presumably, 
intermediate formation of a diketone of the disalicyloylmethane type (V). The methoxy- 
flavones corresponding to (VI) did not rearrange under similar conditions. 
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(IVd) 2’: 4’; 6’-Trimethoxy- 5:7: 2’-Trihydroxy- 
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5’-Bromo- and 5’-chloro-2’ ;: 4’-dimethoxyflavone The corresponding methoxyflavones did not re- 
rearranged to (VIb) on demethylation by hydriodic arrange when demethylated by hydriodic acid. 
acid under suitable conditions. 


Preparation of 2'-Methoxyflavones.—Authentic specimens of 2’-methoxyflavones corre- 
sponding to (IV) and (VI) were prepared for the demethylation experiments. The majority 
of them were obtained by the Baker-Venkataraman method from the appropriate o0- 
aroyloxvacetophenones with the usual satisfactory yields. 2’ : 6’-Dimethoxyflavone 
(IVc) and 2’: 4’ : 6’-trimethoxyflavone (IVd) were synthesised by debenzylation and cyclis- 
ation of the related O-benzylsalicyloyl-di- or -tri-methoxybenzoylmethane. 2’: 4’- 
Dimethoxyflavone (IVd) was prepared from the corresponding chalkone by treatment with 
selenium dioxide (Mahal, Rai, and Venkataraman, J., 1935, 866); the action of phosphorus 
pentachloride on the flavanone, as employed by Hattori (Acta Phytochim., Tokyo, 1932, 6, 
152) gave, in our hands, 5’-chloro-2’ : 4’-dimethoxyflavone. The structure of this flavone 
was established by analogy with 5’-bromo-2’ : 4’-dimethoxyflavone, which was obtained 
by the action of ethanolic potassium cyanide on 2-acetoxyphenyl 1 : 2-dibromo-2-(5- 
bromo-2 : 4-dimethoxyphenyl)ethyl ketone (see Hutchins and Wheeler, J., 1939, 91). 
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The position of the bromine atom was determined by alkaline hydrolysis of the flavone which 
yielded 5-bromo-2 : 4-dimethoxybenzoic acid. 

Demethylation by Aluminium Chloride.—The 2’-methoxyflavones, with the exceptions 
discussed below, were smoothly demethylated by aluminium chloride in benzene to the 
corresponding hydroxyflavones (Narasimhachari, Sastri, and Seshadri, Proc. Indian 
Acad. Sct., 1949, 29A, 404). The absence of rearrangement during such demethylation 
was established by remethylation to the original methoxyflavone. Nitrobenzene was used 
in place of benzene as a solvent with 6 : 2’-dimethoxyflavone. Reaction was sluggish, and 
6-hydroxy-2’-methoxyflavone was found with the dihydroxyflavone in the product. The 
structure of the hydroxymethoxyflavone was established by alkaline hydrolysis, which 
gave o-anisic acid, and by an unambiguous synthesis, using the Baker-Venkataraman 
method, from 2 : 5-di-o-anisoyloxyacetophenone. 

Two anomalous results were obtained by aluminium chloride demethylation. 2’: 4’ : 6’- 
Trimethoxyflavone (IVd) gave with this reagent, in benzene, 2’: 4’ : 6’-trihydroxy-3’ : 5’- 
diphenylflavone. The structure assigned to this diphenyl compound is based on the following 
considerations : (1) its analysis and the analysis of the triacetate; (2) the absence of a 
5-hydroxyl group (no colour with ethanolic ferric chloride)—this shows that no rearrange- 
ment to a 5:7: 2’-trihydroxyflavone occurred on demethylation with aluminium chloride; 
(3) the compound yielded salicylic acid on alkaline hydrolysis, showing that these hydroxy] 
and the two pheny! groups are in the one nucleus. The production of diphenyl compounds by 
intermolecular dehydrogenation under the action of aluminium chloride in benzene has 
previously been observed (see Thomas, ‘‘ Anhydrous Aluminium Chloride in Organic 
Chemistry,” Reinhold Publ. Corp., New York, 1941, pp. 658, 712). Normal demethylation 
was effected with mesitylene as a solvent. This hydrocarbon is, presumably, sterically 
hindered from condensation. The use of nitrobenzene as a solvent did not give satisfactory 
results. 

Again, 5’-bromo-2’ : 4’-dimethoxyflavone gave 2’: 4’-dihydroxyflavone by treatment 
with aluminium chloride in benzene. Examples of such debromination with formation of 
bromobenzene are known (Thomas, o/. cit., p. 693).* 

Demethylation by Hydriodic Acid.—2’ : 5'-Dimethoxyflavone (IVa), when heated with 
hydriodic acid in phenol under pressure, gave 6 : 2’-dihydroxyflavone (VIa). The identity 
of the product was confirmed by examination of its ultra-violet absorption spectrum and 
by preparation of the diacetate and dimethyl ether. Less drastic conditions of demethy]- 
ation yielded mixtures of 2’: 5’- and 6: 2’-dihydroxyflavone. Treatment with sulphuric 
acid (70%) at the boiling point (cf. Ozawa, Okuda, Kawanishi, and Fujii, ]. Pharm. 
Soc. Japan, 1951, 71, 1178) converted 2’: 5’-dimethoxyflavone into 6: 2’-dihydroxy- 
flavone. 2’ : 5’-Dihydroxyflavone rearranged with hydriodic acid under the same conditions 
as its dimethyl] ether, while 6 : 2’-dimethoxyflavone was demethylated without rearrange- 
ment. Kostanecki and Seifart (Ber., 1900, 33, 2510) obtained 6 : 2’-diethoxyflavone in a 
pure state by re-ethylation of 6: 2’-dihydroxyflavone prepared by the action of boiling 
hydriodic acid on an impure specimen of the diethyl] ether. 

2’ : 4’-Dimethoxyflavone (IV) and the 5’-chloro- and the 5’-bromo-derivative rearranged 
to yield 7 : 2’-dihydroxyflavone (VId) when demethylated under pressure at above 200°. 
Under milder conditions, 2’: 4’-dihydroxyflavone was obtained. The 7 : 2’-dimethyl 
ether did not rearrange when demethylated under pressure. Kostanecki and Salis (Ber., 
1899, 32, 1034) re-ethylated 7 : 2’-dihydroxyflavone which they had prepared from an 
impure specimen of the diethyl ether by treatment with boiling concentrated hydriodic 
acid, and obtained 7 : 2’-diethoxyflavone in a pure state. 

2’ : 6’-Dimethoxyflavone (IVc) and 2’: 4’ : 6’-trimethoxyflavone (IVd) rearranged com- 
pletely on demethylation, even at atmospheric pressure, to yield the hydroxyflavones 
(VIc) and (VId), respectively. The methyl ethers of the last two hydroxyflavones did not 
rearrange. 

Discussion of Results.—This work shows that, for the compounds examined, the more 
stable of each flavone pair related to a diketone of the type (V) is that in which the 2- 


* (Added, Oct. 13th, 1953.) See Fairbrother and Scott (Chem. and Ind., 1953, 998). 
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phenyl side chain contains the smaller number of hydroxyl groups. This result agrees 
with earlier work on the cyclisation of disalicyloylmethane dialkyl ethers. Kostanecki 
and Webel (Ber., 1901, 34, 1454) found that O-ethylsalicyloyl-2 : 4 : 6-trimethoxybenzoyl- 
methane yielded 5 : 7 : 2’- and not 2’ : 4’ : 6’-trihydroxy-flavone on treatment with hydriodic 
acid. Hattori (Acta Phytochim., Tokyo, 1932, 6, 147) showed that o-anisoyl-2 : 4-dimethoxy- 
benzoylmethane gave similarly 7 : 2’- and not 2’ : 4’-dihydroxyflavone. Cyclisation of (V) 
is equivalent to esterification and requires enolisation of one of the keto-groups (see Nowlan, 
Slavin, and Wheeler, J., 1950, 340); this will be hindered at C;,) in (V) by the proximity of 
ring B which contains anionoid (hydroxyl) groups; cyclisation will, therefore, occur 
preferentially, though not necessarily exclusively, on Cig. 

Decyclisation to the corresponding diketone (II or V) of a flavone containing a hydroxyl 
group in the 8- or 2’-position (see VII) may be promoted by formation of hydrogen bonds 

between the oxygen atom 1, and those linked at 8 and 2’. The following 

facts are in line with this suggestion: (a) Demethylation precedes de- 

cyclisation since the hydroxyflavone is obtained without rearrangement 

if the conditions of demethylation are sufficiently mild. (5) The distances 

between the oxygen atoms involved are of the order of the hydrogen-bond 

length. (c) The presence of a second hydroxyl group in the 6’-position 
(see VII) increases the statistical probability of hydrogen bonding; reference has already 
been made to the ready rearrangement obtained with 2’: 6’-dimeihoxyflavones. (d) 
Rearrangement of a 5: 8-dihydroxy- or of a 2’-hydroxy-flavone has so far been obtained 
only in presence of hydrogen ions; that is, with hydrobromic, hydriodic, or aqueous 
sulphuric acid. The action of pyridine hydrochloride on 5 : 8-dimethoxyflavone yielded 
5 : 8-dihydroxyflavone without rearrangement (observation by Mr. M. Doporto working 
in this laboratory); attempts to demethylate 2’: 5’-dimethoxyflavone using hydrogen 
iodide in acetic anhydride gave only tars. The decyclisation reaction is, therefore, analo- 
gous to the acid-catalysed hydrolysis of an ester with acyl-oxygen fission [fission of bond 
1: 2in (VII); see Day and Ingold, Trans. Faraday Soc., 1941, 37,686}. It will be promoted 
by the proton attack involved in hydrogen-bond formation on the ether-oxygen atom 1. 
The cationoid activity of the carbon atom at position 2 may be still further increased by 
proton attack on the oxygen atom at position 4. (e) Dr. T. H. Simpson (see Simpson and 
Garden, J., 1952, 4638; Shaw and Simpson, 1tbid., p. 5027), to whom we are indebted for 
comments and suggestions, has kindly informed us that a survey of the chromatographic 
properties of a number of 2’-hydroxyflavones suggests that in simple compounds significant 
hydrogen bonding occurs between the 2’-hydroxyl group and the pyrone-oxygen atom at 
position 1. 

It should be mentioned that while an ether-oxygen atom can form hydrogen bonds (see 
Murty and Seshadri, Proc. Indian Acad. Sci., 1942, 16A, 50) the bonds postulated above are 
weaker than those involved in the resonance chelation occurring in flavones between the 
carbonyl oxygen at position 4 and the 5-hydroxyl group. Jain, Seshadri, and Thiruven- 
gadam, tbid., 1952, 36, A, 217) found that the 2’-hydroxyl] group in flavonols, unlike the 
5-hydroxy] group in flavones, showed no particular resistance to methylation; on the other 
hand, the 2’-hydroxyl group in flavanones is strongly chelated to the pyranone ether- 
oxygen atom (Narasimhachari, Rajagopalan, and Seshadri, ibid., p. 231). The difference 
between the dry and the wet melting points of a series of hydroxyflavones has now been 
found to be: 5-hydroxy- (chelated), 12°; 7-hydroxy- (no possibility of hydrogen bonding), 
50°; 8-hydroxy-, 48°; 2’-hydroxy-, 32°; 2’: 4’ : 6’-trihydroxy, 65°; 2’: 4’ : 6’-trihydroxy- 
3’ : 5’-diphenylflavone, 50°. These depressions show chelation in 5-hydroxyflavone only 
(see Ferguson, “‘ Electron Structures of Organic Molecules,’ Prentice-Hall, Inc., New York, 
1952, p. 66). 

While internal hydrogen bonding is considered to promote hydrolytic fission of the 
pyrone ring in 8- and 2’-hydroxyflavone, it may not be essential for such fission, as re- 
arrangement has been observed with 5-hydroxy-6- and -8-methylchromones. The results, 
however, differ from those obtained with 5:6- and 5: 8-dihydroxychromones. For 
instance, Schmid and Bolleter (Helv. Chim. Acta, 1950, 33, 917) found that 5-hydroxy-7- 
methoxy-2 : 6-dimethylchromone gave 5 : 7-dihydroxy-2 : 8-dimethylchromone on treat- 
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ment with hydriodic acid; here the 8-methy] derivative is more stable. Whalley (Chem. 
and Ind., 1953, 277) obtained some 5 : 7 : 2’-trihydroxy-6-methyl/soflavone by the action of 
aluminium chloride on 5:7: 2’-trimethoxy-8-methylisoflavone. It may be that here 
direct migration of a methyl group is involved. This is believed to be the only reported 
instance of aluminium chloride’s causing rearrangement of a chromone (Donnelly, Philbin, 
and Wheeler, td1d., p. 567). 


EXPERIMENTAL 


Ethanol was employed for crystallisation if no solvent is mentioned. 


Preparation of 2’-methoxyflavones, and of the corresponding 2’-hydroxyflavones by 
demethylation by aluminium chloride. 

(1) 2’: 5’-Dihydroxyflavone.—o-(2 : 5-Dimethoxybenzoyloxy)acetophenone, which was _ pre- 
pared by the pyridine-acid chloride method (see Nowlan, Slavin, and Wheeler, J., 1950, 342), 
crystallised in plates, m. p. 72—73° (Found: C, 67-9; H, 5-5; OMe, 20-6. C,,H,,O; requires 
C, 68-0; H, 5:3; 20Me, 20-:7%). This ester was shaken in pyridine with powdered potassium 
hydroxide (1-5 mols.) for 3 hr. and the product was poured on ice and hydrochloric acid. 
2 : 5-Dimethoxybenzoylsalicyloylmethane, which separated, crystallised in yellow needles (90%), 
m. p. 84—85° (Found: C, 67-8; H, 5-5; OMe, 20-7%. Required: as for the ester), and gave a 
green colour with ethanolic ferric chloride. The hydroxydiketone was boiled for 3 min. with 
glacial acetic acid containing a few drops of hydrochloric acid. 2’: 5’-Dimethoxyflavone (IVa) 
was precipitated by controlled addition of water. It crystallised in needles (70%), m. p. 120° 
(Found: C, 72:1; H, 4:8; OMe, 22-1. C,,H,,O, requires C, 72-3; H, 5-0; 20Me, 22-0%). 
This flavone was refluxed (CaCl, guard) in benzene for 1-5 hr. with anhydrous aluminium chloride 
(6 parts), and the insoluble residue was treated with ice and dilute hydrochloric acid (10%). 
After 5 min. the mixture was heated on a steam-bath for 15 min. and cooled. 2’: 5’-Dihydroxy- 
flavone crystallised in yellow needles (60%), m. p. 284—285°, which gave a faint green fluorescence 
in concentrated sulphuric acid (Found: C, 71:1; H, 3-6. C,;H, 0,4 requires C, 70-9; H, 3-9%). 
The diacetate (prepared by sodium acetate—acetic anhydride) crystallised in colourless needles, 
m. p. 148° (Found: C, 67-2; H, 4:3. C,,.H,,O, requires C, 67-5; H,4:1%). For remethylation 
to confirm the structure, the dihydroxyflavone was refluxed in acetone for 6 hr. with methyl 
sulphate (10% excess) and potassium carbonate. The mixture was filtered, and the crystals 
which separated on concentration of the filtrate were extracted with boiling aqueous ethanol. 
The methoxyflavone which separated (80% yield) did not depress the m. p. of an authentic 
sample of 2’ : 5’-dimethoxyflavone. 

The procedure for the hydroxyflavones described at (2), (3), (7), (9), (11) was, unless other- 
wise stated, as given for 2’ : 5’-dihydroxyflavone. 

(2) 6: 2’-Dihydroxyflavone (VIa).—2-0-A nisoyloxy-5-methoxyacetophenone, plates, m. p. 
82—83° [Found: C, 67:7; H, 5-4; OMe, 20-6. Cf. (1)], 0-anisoyl-5-methoxysalicyloylmethane, 
pale yellow plates, m. p. 89—91° (ethanolic ferric colour, olive green) (Found: C, 68-1; H, 5-5; 
OMe, 20-8. Required: as for the ester), and 6: 2’-dimethoxyflavone, needles, m. p. 146° [Found : 
C, 72-4; H, 4:9; OMe, 21-9. Cf. (1)], were prepared. 

The dimethoxyflavone was heated in nitrobenzene with aluminium chloride (1 part) on a 
steam-bath for 1 hr. The mixture was poured on ice and hydrochloric acid, and nitrobenzene 
was removed in steam. ‘The precipitate from the aqueous residue was extracted with xylene 
in a hot Soxhlet apparatus. 6: 2’-Dihydroxyflavone, which remained as an insoluble residue, 
crystallised (charcoal) in pale yellow plates, m. p. 300—304°; its diacetate had m. p. 148—149° 
(Found: C, 67-3; H, 4:1. Calc. for C,,H,,0,: C, 67-5; H, 4-19%) (Kostanecki and Seifart, 
Ber., 1900, 38, 2512; Vyas and Shah, Proc. Indian Acad. Sci., 1951, 383A, 114). This 
dihydroxyflavone and its diacetate showed a brilliant green fluorescence in concentrated 
sulphuric acid. On remethylation as described at (1) it gave 6: 2’-dimethoxyflavone (mixed 
m. p.). The yield of dihydroxyflavone from the dimethoxyflavone was increased by using 
5 parts of aluminium chloride and extending the time of heating to 5 hr. 

The material soluble in xylene, which was 6-hydroxy-2’-methoxyflavone [see (3) below], crys- 
tallised in needles (25% yield), m. p. 230—232° (Found : C, 71:3; H, 4-5; OMe, 10-9. C,,H,,0, 
requires C, 71-6; H, 4:5; OMe, 11-6%). To determine its structure, the flavone was refluxed 
with ethanolic sodium ethoxide until a sample of the reaction mixture did not exhibit a green 
fluorescence in concentrated sulphuric acid. Ethanol was removed in steam, and the residue 
was acidified and steam-distilled. o-Anisic acid (mixed m. p.) separated from the distillate. 
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(3) 6-Hydroxy-2’-methoxyflavone.—2 : 5-Di-o-anisovloxyacetophenone, m. p. 988—100° (Found : 
C, 68-6; H, 4-8; OMe, 14-7. C,,H.,O, requires C, 68-6; H, 4-8; 20Me, 14:8%), and o-anisoyl- 
(5-0-anisoyloxysalicyloyl) methane, yellow needles, m. p. 123—125° (ethanolic ferric colour, green) 
(Found: C, 68-3; H, 4:8; OMe, 14-8. Required: as for the ester), were obtained. In one 
preparation of this diketone in which the mixture of ester, potassium hydroxide, and pyridine 
was heated on a steam-bath for a few minutes before being shaken at room temperature, it was 
found necessary to dissolve the crude product in benzene and extract the diketone from the 
solution by dilute aqueous sodium hydroxide. 6-0-Anisoyloxy-2’-methoxyflavone, plates, 
m. p. 160—162° (Found: C, 71-5; H, 4:7; OMe, 15-5. C,,H,,0, requires C, 71-6; H, 4:5; 
20Me 15-4%), remained in the benzene solution. This flavone which was also obtained by 
cyclisation of the above o-hydroxy-diketone (m. p. 123—125°) as described at (1), was refluxed 
for 10 min. with acetic acid containing 25% (by vol.) of concentrated hyrochloric acid. The 
precipitate which was obtained on dilution of the acid mixture with water was extracted with 
aqueous sodium hydroxide (2%). Acidification of the filtered solution gave 6-hydroxy-2’- 
methoxyflavone [see above at (2)], m. p. 230—232°, not depressed by addition of the material 
soluble in xylene obtained in the demethylation by aluminium chloride in nitrobenzene of 
6: 2’-dimethoxyflavone. 6-Acetoxy-2’-methoxyflavone was dimorphous, crystallising in needles 
which melted at 135° and 142° (Found: C, 69-7; H, 4:5: OMe, 9-5. C,,H,,O; requires C, 
69-7; H, 4:5; OMe, 10-:0%). The samples of 6-hydroxy-2’-methoxyflavone obtained by the 
Baker—-Venkataraman method [see (3)] and by partial demethylation of 6 : 2’-dimethoxyflavone 
[see (2)] gave the same acetate (mixed m. p.). 

(4) 2’: 4’-Dihydroxyflavone.—2-Hydroxyphenyl 2: 4-dimethoxystyryl ketone (Hattori, Joc, 
cit., p. 152) was refluxed in pentanol with selenium dioxide (1 part) for 12 hr. The product 
was filtered, and the filtrate and pentanol washings were steam-distilled. 2’: 4’-Dimethoxy- 
flavone (IVb) remained as a paste, which crystallised in yellow needles (25%), m. p. 131° (Found : 
C, 68-0, 68-2; H, 5-4, 5-6; OMe,20-4. Calc. forC,,H,,0,,H,O: C, 68-0; H, 5:3; 20Me, 20-7%) 
(cf. Hattori, loc. cit.). Demethylation with aluminium chloride in benzene [see at (1)] gave 
2’: 4’-dihydroxyflavone, which crystallised in yellow plates, m. p. 285—286°, and exhibited a 
bright blue fluorescence in concentrated sulphuric acid (Found: C, 70-7; H, 4:2. Calc. for 
C,5H,,0O,: C, 70-9; H, 3:9%). Hattori (loc. cit.) gives m. p. 268—270°. Remethylation as 
described at (1) yielded the original dimethoxyflavone (mixed m. p.). 2’: 4’-Diacetoxyflavone, 
m. p. 144°, crystallised in needles (Found: C, 68-1; H,4:4. C,,H,,O, requires C, 67-5; H, 4-:1%). 

(5) 5’-Chloro-2’ : 4’-dihydroxyflavone.—2’ : 4’-Dimethoxyflavanone (Hattori, loc. cit.) (4 g.) 
was heated, with shaking, in benzene (80 ml.) containing phosphorus pentachloride (10 g.) 
until 5’-chloro-2’ : 4’-dimethoxyflavone separated. It crystallised in needles (1 g.), m. p. 198° 
(Found: C, 64-6; H,4-1; Cl, 10-8; OMe, 19-7. C,,H,,0,Cl requires C, 64-5; H, 4-1; Cl, 11-2; 
20Me, 19-6%). 

Demethylation with aluminium chloride gave 5’-chloro-2’ : 4’-dihydroxyflavone, which crys- 
tallised in yellow plates, m. p. >300° (Found: C, 58-9, 59-2; H, 3-5, 3-6; Cl, 11-8. 
C,;H,O,Cl,H,O requires C, 58-7; H, 3-6; Cl, 11-6%). The structure was confirmed by re- 
methylation to the original chlorodimethoxyflavone. 2’: 4’-Diacetoxy-5’-chloroflavone crys- 
tallised in needles, m. p. 144° (Found: C, 61-2; H, 3-5; Cl, 10-1. C,gH,,;0,Cl requires C, 
61-2; H, 3-5; Cl, 9-5%). 

(6) 5’-Bromo-2’ : 4’-dihydroxyflavone.—2-Acetoxyphenyl 2: 4-dimethoxystyryl ketone, which 
was prepared by acetylation (sodium acetate—acetic anhydride) of the corresponding chalkone 
(Hattori, loc. cit.), crystallised in yellow prisms, m. p. 78—-80° (Found: C, 69-9; H, 5-3. C,,H,,0; 
requires C, 69-9; H, 5-5%). A suspension of the acetoxychalkone (4 g.) in glacial acetic acid 
was treated at room temperature with bromine (3 ml.) and after some hours the mixture was 
diluted with water. The precipitate, 2-acetoxyphenyl 1 : 2-dibromo-2-(5-bromo-2 : 4-dimethoxy- 
phenyljethyl ketone, separated from ligroin as a yellow powder (6 g.), m. p. 181—182° (Found : 
C, 40-9; H, 2-7; Br, 42-1. C,H,,O,Br, requires C, 40-4; H, 3-0; Br, 42-5%). This acetoxy- 
ketone (1-2 g.) was refluxed in alcohol (25 ml.) with potassium cyanide (0-6 g.) for 3 hr. (see 
Hutchins and Wheeler, J., 1939, 91). 5’-Bromo-2’ : 4’-dimethoxyflavone, which separated when 
the solution was kept at 0°, crystallised in aggregates (0-6 g.), m. p. 196° (Found: C, 56-3; 
H, 3-8; Br, 22:4. C,,H,,0,Br requires C, 56-5; H, 3-6; Br, 22-2%). 

Demethylation of 5’-bromo-2’: 4’-dimethoxyflavone by aluminium chloride in benzene 
yielded 2’; 4’-dihydroxyflavone, m. p. 285—286°; the product gave 2’: 4’-diacetoxyflavone 
{mixed m. p.; see (4)]. In some experiments, in which the time of demethylation was curtailed, 
products with less bromine than 5’-bromo-2’ : 4’-dihydroxyflavone were obtained. To determine 
its structure, 5’-bromo-2’: 4’-dimethoxyflavone (1 g.) was refluxed with sodium ethoxide 
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(from 2 g. of sodium) in ethanol (50 ml.) for 7hr. The solution was diluted with water, saturated 
with carbon dioxide, extracted with ether without filtration, and acidified. The precipitate thus 
obtained crystallised in pale yellow needles, m. p. 196°. This m. p. was not depressed by addition 
of an authentic sample of 5-bromo-2 : 4-dimethoxybenzoic acid (Rice, J. Amer. Chem. Soc., 
1926, 48, 3126) (Found: C, 41-7; H, 3-6; Br, 31-3; OMe, 23-1. Calc. for C,H,O,Br: C, 41-4; 
H, 3-4; Br, 30-7; 20Me, 23-8%) prepared by methylation of 5-bromo-2 : 4-dihydroxybenzoic 
acid by methyl sulphate and aqueous sodium hydroxide. 

(7) 7: 2’-Dihydroxyflavone (V1b).—2-0-Anisoyvloxy-4-methoxyacetophenone, needles, m. p. 
77—78° (Found: C, 68-0; H, 5-5; OMe, 20-0. C,,H,,O, requires C, 68-0; H, 5-3; 20Me, 
20:7%), and o-anisoyl-4-methoxysalicyloylmethane, yellow prisms, m. p. 117° (ethanolic ferric 
colour, dark red) (Found: C, 68-2; H, 5-3; OMe, 20-7. Required: as for the ester), were prepared. 
The diketone, on cyclisation, gave 7 : 2’-dimethoxyflavone (m. p. 176—177°) previously prepared 
by Hattori (loc. cit., p. 148) by treatment of o-anisoyl-2 : 4-dimethoxybenzoylmethane with 
hydriodic acid. 7: 2’-Dihydroxyflavone, m. p. >300° (Hattori, loc. cit.; Kostanecki and Salis, 
Ber., 1899, 32, 1033), was obtained by demethylation of the dimethoxyflavone by aluminium 
chloride; its structure was confirmed by remethylation; 7: 2’-diacetoxyflavone formed needles, 
m. p. 104° (Kostanecki and Salis, loc. cit., give m. p. 105°) (Found: C, 67-5; H, 4-3. Calc. for 
C,,H,,0,: C, 67-5; H, 4:1%). 

(8) 2’: 6’-Dihydroxyflavone.—A mixture of 2: 6-dimethoxyacetophenone (5 g.), methyl 
O-benzylsalicylate (10 g.), and sodamide (2-2 g.) was heated at 140—-150° in an atmosphere 
of nitrogen for 2 hr. The product was cooled and added to water, and the resulting 
mixture was acidified with dilute hydrochloric acid and extracted with ether. O-Benzylsali- 
cyloyl-2 : 6-dimethoxybenzoylmethane was removed from the ethereal extract with aqueous 
sodium hydroxide (5%) and recovered by acidification. It crystallised in prisms (2-7 g.), m. p. 
90°, and gave a red ethanolic ferric colour (Found: C, 73-6; H, 5-6; OMe, 15-5. C,,H,,.O; 
requires C, 73-8; H, 5:6; 20Me, 15-99%). The diketone (2-3 g.) was heated for 1 hr. at 100° 
with acetic acid (50 ml.) and concentrated hydrochloric acid (25 ml.). 2’ : 6’-Dimethoxyflavone 
(IVc) which separated when the liquid was poured into water crystallised in plates (1-5 g.), 
m. p. 145—147° (Found: C, 72-4, H, 4-9; OMe 21-1. C,;H,,O, requires C, 72-3; H, 5-0; 20Me, 
22-0%). Demethylation with aluminium chloride gave 2’: 6’-dihydroxyflavone, plates, m. p. 
274—278° (Found: C, 71:3; H, 4:4. C,,;H,,O, requires C, 70-9; H, 3-9%) ; the diacetate (prepared 
by acetic anhydride-perchloric acid) formed prisms, m. p. 141—142° (Found: C, 67-9; H, 
4-4. C,,H,,O, requires C, 67-5; H,4-1%). This flavone did not fluoresce in sulphuric acid. On 
remethylation, 2’ : 6’-dimethoxyflavone was obtained. 

(9) 5: 2’-Dihvdroxyflavone (VIc).—2-0-A nisoyloxy-6-methoxyacetophenone formed prisms, 
m. p. 98—100° (Found: C, 67-5; H, 5:2; OMe, 20-5. C,,H,,0,; requires C, 68-0; H, 5-3; 
20Me, 20-:7%), and o-anisovl-6-methoxysalicyloylmethane yellow plates, m. p. 80—90° {the 
compound partly cyclised on heating [see (11) below]; ethanolic ferric colour, greenish-brown} 
(Found: C, 67:8; H, 5-4; OMe 20-5. Required: as for the ester); 5: 2’-dimethoxyflavone 
formed prisms, m. p. 179—180° (Found: C, 72:4; H, 5-3; OMe, 21-9. C,,H,,O, requires 
C, 72:3; H, 5-0; 20Me, 22-0%). Demethylation by aluminium chloride gave 5 : 2’-dihydroxy- 
flavone, pale yellow needles, m. p. 268—-269°; the structure was confirmed by remethylation 
(Found: C, 71-0; H, 4:1. C,;H,9O, requires C, 70-9; H, 3-9%). 

(10) 2’: 4’: 6’-Trihydroxyflavone.—-A mixture of 2:4: 6-trimethoxyacetophenone (4 g.) 
and methyl O-benzylsalicylate (7 g.) was refluxed with sodium powder (0-8 g.) in xylene (20 ml.) 
for 45 min. The product when cold was treated with damp ether and with aqueous sodium 
hydroxide (2%). O-Benzylsalicyloyl-2 : 4 : 6-trimethoxybenzoylmethane which separated from the 
alkaline solution on acidification gave a red ethanolic ferric colour and crystallised in needles 
(3 g.), m. p. 129—131° (Found: C, 70-9; H, 5-5. C,;H,,O, requires C, 71-4; H, 5-7%). The 
diketone (1-5 g.) was refluxed for 30 min. with acetic acid (10 ml.) and hydrochloric acid (5 ml.). 
2’: 4’ : 6’-Trimethoxyflavone (I1Vd), which separated when the product was poured into water, 
crystallised in prisms (0-3 g.), m. p. 159—160°, from ligroin and methanol (Found: C, 69-1; 
H, 5-2; OMe, 29-3. C,,H,,0; requires C, 69-2; H, 5-1; 30Me, 29-89%). Demethylation of this 
flavone (0-6 g.) with aluminium chloride (3-0 g.), as described at (1) except that benzene was 
replaced by mesitylene (15 ml.) to prevent nuclear arylation (see 2’: 4’ : 6’-trihydroxy-3’ : 5’- 
diphenylflavone below), gave 2’: 4’ : 6’-trihydroxyflavone, which separated from ethyl acetate 
in pale yellow plates (0-3 g.), m. p. 280—284° (decomp.), and exhibited a deep blue fluorescence 
in sulphuric acid. The ethanolic ferric reaction was negative (Found: C, 66-7; H, 3-8. 
C,;H,.O; requires C, 66-7; H, 3-7%). Remethylation gave the original trimethoxyflavone. 
2’: 4’ : 6’-Triacetoxyflavone, when repeatedly crystallised from methanol, separated in prisms, 
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m. p. 147—148° (Found: C, 64:1; H, 3-9. C,,H,,O, requires C, 63-6; H, 40%). Treatment 
of this trimethoxyflavone (0-4 g.) with aluminium chloride (2 g.) in benzene (20 ml.) as described 
at (1) gave 2’: 4’ : 6’-trihydroxy-3’ : 5’-diphenylflavone which crystallised from ethanol and acetic 
acid in plates (0-35 g.), m. p. 298—302° (decomp.), and exhibited a green fluorescence in sulphuric 
acid. It gave no colour with ethanolic ferric chloride (absence of 5-hydroxyl group) (Found : 
C, 75-2, 75:2; H, 4:4, 4-4. C,,H,,0;,4H,O requires C, 75-2; H, 4-4%). The triacetate crys- 
tallised in plates, m. p. 160—162° (shrink at 154°) (Found: C, 71-9; H, 4-5. C33;H,,O, requires 
C, 72:3; H, 44%). 

To determine its structure the diphenylflavone was hydrolysed with ethanolic sodium 
ethoxide as described at (2). Ethanol was removed in steam, and the residue was acidified, 
steam-distilled, and extracted with ether. The ethereal extract yielded salicylic acid, m. p. and 
mixed m. p. 156—157°, to sodium carbonate solution. 

(11) 5: 7: 2’-Trihydroxyflavone (VId).— 2-0-Anisoyloxy-4 : 6-dimethoxyacetophenone formed 
plates, m. p. 102° (Found: C, 65-5; H, 5-7; OMe, 28-3. C,,H,,0, requires C, 65-5; H, 5-5; 
30Me, 28:2%), and o-anisoyl-4 : 6-dimethoxysalicyloylmethane yellow plates, m. p. 98—100° 
(indefinite; the compound cyclised on heating; see below) (ethanolic ferric colour, olive-green) 
(Found: C, 65-7; H, 5-4; OMe, 27-8 Required: as for the ester). When the diketone was 
heated for 20 min. at 115°, there remained after extraction of the product with aqueous 2% 
sodium hydroxide a white residue, which did not give an ethanolic ferric colour and on crys- 
tallisation did not depress the m. p. of 5: 7: 2’-trimethoxyflavone * prepared by cyclisation of the 
above diketone with acetic acid containing a trace of hydrochloric acid [see (1) above]; it formed 
needles, m. p. 174—176° (Found: C, 69-3; H, 5-2; OMe, 29-5. C,,H,,O,; requires C, 69-2; 
H, 5-1; 30Me, 29-8%). Demethylation by aluminium chloride in benzene gave 5:7: 2’- 
trihydroxyflavone (VId), needles, m. p. 278°, raised by addition of an authentic sample of the 
trihydroxyflavone, m. p. 281° (Kostanecki and Webel, Ber., 1901, 34, 1455); the 5:7: 2’- 
triacetate, plates, had m. p. 178° (lit., 178°) (Found: C, 64:0; H, 4:0. Calc. for C,,H,,0,: C, 
63-6, H, 4:0%). The structure of this trihydroxyflavone which gave a green colour with 
ethanolic ferric chloride was confirmed by remethylation. 


Demethylation of 2’-methoxyflavones by hydriodic acid. 

Formation of 6 : 2’-Dihydroxyflavone from 2’ : 5’'-Dimethoxyflavone.—2’ : 5’-Dimethoxyflavone 
(1-2 g.) was heated with hydriodic acid (12 ml.; d 1-7) and phenol (12 ml.) in a sealed tube at 
170° for 2 hr., and the product was poured into saturated aqueous sodium hydrogen sulphite. 
The precipitate on repeated crystallisation formed pale yellow plates (0-2 g.) (A), m. p. 298—300° 
{6 : 2’-dihydroxyflavone has m. p. 304—-305°; Kostanecki and Seifart, Joc. cit. at (2) above]. The 
ultra-violet absorption spectrum in ethanol of (A) (max. at 270, 296, and 335 mu; log e 4-26, 
4:01, and 4-23) was identical with that of 6: 2’-dihydroxyflavone and differed from that of 
2’ : 5’-dihydroxyflavone (max. at 248, 296, and 365 mu; log « 4-24, 4-14, and 3-92). The 
diacetate of (A) was identical with 6: 2’-diacetoxyflavone [m. p. and mixed m. p. 148°; 
mixed m. p. with 2’: 5’-diacetoxyflavone (m. p. 148°), 120°]. Methylation of (A) by methyl 
sulphate and potassium carbonate in acetone gave 6: 2’-dimethoxyflavone, m. p. and mixed 
m. p. 146° [mixed m. p. with 2’: 5’-dimethoxyflavone (m. p. 120°), 100—110°]. The 6: 2’- 
derivatives mentioned showed the characteristic green fluorescence in sulphuric acid. 

Demethylation of 2’: 5’-dimethoxyflavone with hydriodic acid in phenol under less drastic 
conditions, e.g., for 5 hr. at atmospheric pressure at 160—170° in an atmosphere of carbon dioxide, 
gave mixtures of 2’: 5’-and 6: 2’-dihydroxyflavone. Fractionation of the product from ethanol, 
in which 6: 2’-dihydroxyflavone is the more soluble, was controlled by observation of the 
ultra-violet fluorescence of a sulphuric acid solution. That exhibited by the 6 : 2’-compound is 
more intense. The identity of the purified hydroxyflavone was confirmed by acetylation and 
methylation. 2’: 5’-Dihydroxyflavone underwent rearrangement to 6: 2’-dihydroxyflavone 
under the same conditions as the dimethoxy-derivative. 6: 2’-Dimethoxyflavone was de- 
methylated without rearrangement when treated with hydriodic acid in phenol at 170—180° 
in a sealed tube for 5 hr. The product was identified as 6: 2’-dihydroxyflavone by acetylation 
and methylation. 

Demethylation of 2’ : 5'-Dimethoxyflavone by Sulphuric Acid (70%).—The dimethoxyflavone 
(1 g.) was refluxed with sulphuric acid (70% ; 15 ml.) for 2 hr. and the product was poured into 
water. The crude flavone which was precipitated crystallised in pale-yellow plates (0-7 g.), 
exhibiting in sulphuric acid solution the brilliant green fluorescence characteristic of 6: 2’- 

* (Added, Oct. 13th, 1953.) Gupta and Seshadri (Proc. Indian Acad. Sci., 1953, 37, A, 615) give 
m. p. 176—177°. 
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dihydroxyflavone, and giving 6: 2’-diacetoxy- and 6: 2’-dimethoxy-flavone, respectively 
(mixed m. p.s.) on acetylation and methylation. 

Formation of 7: 2’-Dihydroxyflavone from 2’: 4'-Dimethoxyflavone——A mixture of 2’: 4’- 
dimethoxyflavone (0-2 g.), hydriodic acid (6 ml. ; d 1-7) and phenol (3 ml.) was heated in a sealed 
tube at 210° for 0-5 hr. The product which separated when the mixture was poured into aqueous 
sodium hydrogen sulphite melted above 300° after crystallisation (yield, 0-12 g.), and gave 
7 : 2’-dimethoxyflavone and 7 : 2’-diacetoxyflavone [mixed m. p.s; see (7) above], respectively, 
on methylation and acetylation. Treatment of 5’-chloro-2’: 4’-dimethoxyflavone and 5’- 
bromo-2’ ; 4’-dimethoxyflavone with hydriodic acid in phenol under pressure at 210° (0-5 hr.) 
gave 7: 2’-dihydroxyflavone (mixed m. p.). The product from the chlorodimethoxyflavone gave 
7 ; 2’-diacetoxyflavone on acetylation. 

Demethylation of 2’ : 4’-dimethoxyflavone, and of the 5-bromo- and the 5-chloro-derivative, 
by hydriodic acid in phenol in an atmosphere of carbon dioxide at 160—170° for 2 hr. gave 
2’: 4’-dihydroxyflavone; each product yielded 2’ : 4’-diacetoxyflavone on acetylation. 

7 : 2’-Dimethoxyflavone gave 7 : 2’-dihydroxyflavone (confirmation by acetylation) on treat- 
ment with hydriodic acid in phenol under pressure at 160° for 2 hr. : 

Formation of 5: 2’-Dihydroxyflavone from 2’ : 6’-Dimethoxyflavone.—The dimethoxyflavone 
(0-2 g.) [see (8) above] was refluxed with hydriodic acid (6 ml.; @ 1-7) and phenol (3 ml.) in carbon 
dioxide for 2 hr. at 160°. The crude flavone which was precipitated when the product was poured 
into saturated aqueous sodium hydrogen sulphite crystallised in pale yellow needles, m. p. and 
mixed m. p. with 5: 2’-dihydroxyflavone, 268—269°. Remethylation gave 5: 2’-dimethoxy- 
flavone (mixed m. p.); this flavone was demethylated without rearrangement under the above 
conditions. 

' Formation of 5: 7: 2’-Trihydroxyflavone from 2’ : 4’ : 6’-Trimethoxyflavone.—The trimethoxy- 
flavone [see (10) above] was refluxed with hydriodic acid and phenol at atmospheric pressure for 
2 hr., or with hydriodic acid alone (see preceding paragraph). The product when purified in the 
usual way did not depress the m. p. of 5: 7: 2’-trihydroxyflavone [see (11)]; its identity was 
confirmed by remethylation and acetylation. When 2’: 4’: 6’-trimethoxyflavone was heated 
with hydriodic acid (5 ml.; d 1-7) alone for 2 hr. a mixed product was obtained which on 
acetylation gave 5:7: 2’-triacetoxyflavone (mixed m. p. ) as a first crop from alcohol. 

[Added, Oct. 13th, 1953.] After submission of this paper, Vol. 37, A of the Proc. Indian 
Acad. Sci. up to May 1953 became available in Dublin, and our attention was directed to two 
papers by Seshadri and his collaborators (pp. 611 and 620) describing experiments on the 
demethylation of 2’-methoxyflavones suggested by the preliminary results of Philbin and 
Wheeler (Chem. and Ind., 1952, 449). In their investigations the Indian workers prepared 
5-hydroxy-2’-methoxyflavone (m. p. 190—191°), 5: 2’-dimethoxyflavone (m. p. 134—135°), 
and §: 2’-dihydroxyflavone (m. p. 175—176°). As will be seen the m. p.s for the dimethoxy- 
and the dihydroxy-flavone differ markedly from those given above. We have also found that 
5-hydroxy-2’-methoxyflavone prepared by partial methylation (methyl sulphate, potassium 
carbonate, and acetone) of 5: 2’-dihydroxyflavone forms yellow plates, m. p. 140° (Found ; 
C, 72:2; H, 4:3; OMe, 11-6. C,,H,.O,4 requires C, 71-6; H, 4:5; OMe, 11:-6%). It should be 
pointed out that Seshadri and his collaborators used aqueous sodium carbonate to de-anisoylate 
3-0-anisoyl-5-hydroxy-2’-methoxyflavone obtained by the Allan—Robinson method, and that 
the de-anisoylated product was used to prepare the dihydroxy- and the dimethoxy-flavone. 
This method of removing a 3-aroyl group has been found unreliable in this laboratory (observ- 
ation by Mr. G. McMahon). Analytical results for carbon and hydrogen will not differentiate 
between the 3-anisoylated and the de-anisoylated product involved. 

Our (unpublished) results on the demethylation of methyl ethers of 5: 7: 2’: 4’-tetrahydroxy- 
flavone agree with those of Gupta and Seshadri (Proc. Indian Acad. Sct., 1953, 87, A, 611). 
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Bradley and Waller: 


772. Chemistry of Anthanthrone. Part I. The Direct Replacement 
of Hydrogen by Hydroxyl and Disubstituted Amino-groups. 


By WILLIAM BRADLEY and JEFFREY WALLER. 


Heating with potassium hydroxide alone or with oxidants hydroxylates 
anthanthrone to the 3: 9-dihydroxy-derivative. Methylation of this gives 
3: 9-dimethoxyanthanthrone identical with the compound prepared from 
5-methoxynaphthostyryl. Morpholine, sodamide, and anthanthrone afford 
3: 9-dimorpholinoanthanthrone, hydrolysed to the 3 : 9-dihydroxy-compound 
and morpholine. The mechanism of the substitution process is discussed. 
Several new derivatives of anthanthrene are described. 


Previous work has shown that the direct replacement of nuclear hydrogen by hydroxy], 
amino-, and mono- and di-substituted amino-groups can be brought about in mesobenz- 
anthrone (Bradley and Robinson, /J., 1932, 1254; Bradley, J., 1937, 1091; Bradley and 
Jadhav, J., 1937, 1791; Bradley, J., 1948, 1175), 1: 8: 9-naphthanthr-10-one (Bradley 
and Sutcliffe, /., 1951, 2118), benzo-derivatives of mesobenzanthrone (idem, J., 1952, 1247), 
and 1: 9-pyrazoloanthrone (Bradley and Geddes, /., 1952, 1636), and in the present 
investigation the same reaction has been studied in anthanthrone (I; R = H). 

The chemistry of anthanthrone has been actively investigated, mainly on account of its 
technical interest, but few derivatives of established orientation have been prepared 
except by cyclisation of substituted dinaphthyldicarboxylic acids. Following Kalb, who 
synthesised anthanthrone (Ber., 1914, 47, 1724; G.P. 280,787), Corbellini and Crespi 
(Rend. Ist. Lombardo Sct., 1936, I, 69, 429), Scholl and Meyer (Ber., 1934, 67, 1229), and 
Clar (Ber., 1939, 72, 1645) studied its behaviour on reduction, and numerous workers 
described its nitration, halogenation, and sulphonation (¢.g., G.P. 492,446, 458,598, 
495,368). 

The direct hydroxylation of anthanthrone by means of potassium hydroxide and an 
oxidant was first described in G.P. 530,497 and later studied by Corbellini and Crespi 
(Rend. Ist. Lombardo Sct., 1936, II, 69, 580) who considered that the product was a di- 
hydroxyanthanthrone of uncertain orientation. 

In the present investigation both manganese dioxide and potassium chlorate with 
copper chloride were employed as oxidants and the product was isolated in good yield 
through a sparingly soluble potassium salt. The acid product had the composition 
Cy9H, QO, and on methylation gave 3 : 9-dimethoxyanthanthrone (I; R = OMe) identical 
with the authentic derivative prepared by the cyclisation of 5: 5’-dimethoxy-1 : 1’-di- 
naphthyl-8 : 8’-dicarboxylic acid (G.P. 507,338). The compound C,,H, 0, was therefore 
3: 9-dihydroxyanthanthrone (I; R = OH). 

In earlier work condensation of piperidine-sodamide with anthanthrone was shown 
(Bradley, /., 1948, 1175) to give a violet basic product intermediate in composition between 
a mono- and a di-piperidinoanthanthrone. In the present work morpholine-sodamide and 
anthanthrone gave a similar violet mixture, which could not be fully purified but when 
heated with potassium hydroxide and glycol gave morpholine and a phenol. Methylation 
of the latter gave 3 : 9-dimethoxyanthanthrone from which it was evident that the violet 
base was mainly 3: 9-dimorpholinoanthanthrone (II; R= +NC,H,O). This makes it 
very probable that the dipiperidinoanthanthrone reported by Bradley (J., 1948, 1175) 
was the 3: 9-derivative (II; R = *-NC;H,p). 

Sodamide reacted with anthanthrone in dimethylaniline to form a blue derivative; 
amination did not take place and on addition of the mixture to water anthanthrone was 
regenerated. The blue derivative was probably an addition compound such as has been 
described for other ketones (Lea and Robinson, /., 1926, 2351). 

3: 9-Dihydroxyanthanthrone is strongly acidic, and yields a diacetyl derivative with 
acetic anhydride and 3: 6:9: 12-tetra-acetoxyanthanthrene (II; R = OAc) with acetic 
anhydride and zinc dust. It does not form a boroacetate, an indication of the absence of 
substitution ortho to a carbonyl group. The hydroxyl groups are not replaced when the 
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phenol is heated with ammonia, piperidine, or morpholine, but phosphorus pentachloride 
gives a tetrachloroanthanthrone. Two of the halogen substituents in this compound must 
occupy the 3:9-positions, the hydroxyl groups having been replaced (the product is 
neutral), but the orientation of the remaining pair has not been ascertained. 


OAc 
ns WAN 


The action of fused alkali hydroxides on aromatic cyclic carbonyl compounds usually 
leads to hydrolysis accompanied by ring fission, or to hydroxylation of the nucleus, or to 
self-coupling of the ketone to a bis-derivative or more complex compound. Anthanthrone 
resembles anthraquinone in that the main reaction is hydroxylation. Some self- 
condensation appears to take place, but it has not been definitely established, and only an 
indication has been obtained of the occurrence of ring fission. Corbellini and Steffenoni 
(Rend. Ist. Lombardo Sct., 1936, 2, 69, 429) have indeed shown that anthanthrone results 
from the action of potassium hydroxide on 7 : 8-benzomesobenzanthrone-3’-carboxylic 
acid. The formation of a dthydroxy-compound harmonizes with the monohydroxylation 
of 1: 8: 9-naphthanthr-10-one (Bradley and Sutcliffe, Joc. cit.) in that each carbonyl group 
of anthanthrone activates one position in the nucleus. How marked is the effect of the 
carbonyl groups is shown by the formation of 3 : 9-dihydroxyanthanthrone in the absence 
of an added oxidant, though the yield is higher when manganese dioxide or potassium 
chlorate is used. In the absence of oxidant the product contains the reduced (dihydro-)- 
form which suggests that (III) is an intermediate in the hydroxylation and that 3 : 9-di- 
hydroxyanthrone is formed from it by the oxidants. When heated with amyl-alcoholic 
potassium hydroxide anthanthrone formed a blue solution but hydroxylation did not take 
place. 

The orientation of the entering groups follows the usual opf-rule but the absence of 
substitution ortho to the carbonyl groups is noteworthy. This additional example of 
wholly fara-substitution emphasises the remarkable character of the direct hydroxylation 
of anthraquinone to alizarin in which one hydroxyl group enters the nucleus para and the 
other ortho to a carbonyl group. 

In the course of the work anthanthrone was characterised by reductive acetylation to 
6 : 12-diacetoxyanthanthrene (II; R =H), and phosphorus pentachloride and anth- 
anthrone were shown to yield a hexachloroanthanthrene. This compound did not dissolve 
in alkaline sodium dithionite and the presence of two chlorine substituents at position 6 
and two at position 12 appears probable. The absorption spectra of anthanthrone and 
several of its derivatives have been determined in sulphuric acid. 


EXPERIMENTAL 

Anthanthrone was prepared by heating 1: 1’-dinaphthyl-8: 8’-dicarboxylic acid with 
sulphuric acid (Kalb, loc. cit.), and also by the action of the same reagent on 7 : 8-benzomeso- 
benzanthrone-3’-carboxylic acid (Kalischer and Zerweck, G.P. 452,063). Both methods were 
satisfactory. In addition the formation of anthanthrone when the keto-acid (5 g.) was heated 
for 1 hr. at 200—-220° with potassium hydroxide (5 g.) (cf. Corbellini and Steffenoni, loc. cit.) 
was confirmed. The pure compound dissolved in pyridine with a yellow colour, changed to 
green on the addition of a drop of 30% methanolic potassium hydroxide. The solution in 
sulphuric acid exhibited maximum light absorption at 335 (£ 38,850), 432 (E 20,800), and 
675 mu (£ 9800). 

6 : 12-Diacetoxyanthanthrene.—(a) Anthanthrone (1 g.), suspended in water at 60°, was 
reduced and dissolved by the addition of sodium dithionite (0-4 g.) and 10% sodium hydroxide 
solution (3 c.c.). The red-violet solution was filtered, the filtrate acidified by the addition of 
acetic acid, and the precipitated vellow 6: 12-dihydroxyanthanthrene was collected, washed, 
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dried between filter paper, and then heated with boiling acetic anhydride. The resulting 
solution gave a brown precipitate on addition to water and this, crystallised from chloro- 
benzene, gave 6: 12-diacetoxyanthanthrene identical with the compound prepared by the 
following method. 

(b) An intimate mixture of anthanthrone (3 g.) and zinc dust (10 g.) was added in small 
successive amounts to boiling acetic anhydride (100 c.c.), and the heating was continued for 
30 min. ‘The solution, which changed in colour from orange to yellow, was filtered, and the 
residue was crystallised first from glacial acetic acid and then from chlorobenzene. 6: 12-Di- 
acetoxyanthanthrene forms yellow needles, m. p. 299° (decomp.) (Found: C, 78-9; H, 4:0; 
Ac, 22:4. C,,H,,O, requires C, 79-6; H, 4:1; Ac, 22-0%). It is sparingly soluble in hot 
alcohol or ethyl acetate, forming yellow solutions with red-violet fluorescence. In chloro- 
benzene it shows a turquoise fluorescence. In concentrated sulphuric acid it dissolves with a 
brown colour which slowly becomes green; addition of water precipitates anthanthrone. The 
diacetate was relatively slowly decomposed by hot 5% sodium hydroxide, more rapidly in the 
presence of alcohol, forming a solution of the sodium salt of dihydroanthanthrone; anth- 
anthrone separated from the solution after contact with air. 

Action of Phosphorus Pentachloride on Anthanthrone. Formation of Hexachloro-6 : 12- 
dihydroanthanthrene.—An intimate mixture of anthanthrone (10 g.) and phosphorus penta- 
chloride (10 g.) was heated for 3 hr. at 150°. Hydrogen chloride was liberated, phosphorus 
oxychloride distilled, and a red solid remained. This was added to ice, and the solid material 
was collected, washed, and then stirred with concentrated sulphuric acid (200 c.c.). The 
resulting suspension was filtered. The green filtrate gave anthanthrone on addition to water. 
The red residue was washed with concentrated sulphuric acid, then in turn with water, aqueous 
sodium carbonate, and water. After drying (4-1 g.), a portion heated under reduced pressure 
at 325° gave a single red band of a sublimate. The main portion crystallised from trichloro- 
benzene in deep red needles of hexachloro-6 : 12-dihydroanthanthrene which were unaffected by 
hot alkaline sodium dithionite (Found: C, 54:9; H, 1-7; Cl, 43-5. C,,H,Cl, requires C, 54-4; 
H, 1-7; Cl, 43-9%). 

Action of Potassium Hydroxide on Anthanthrone.—(A) Finely divided anthanthrone (10 g.) 
(obtained by the addition to water of a solution of anthanthrone in concentrated sulphuric 
acid) was added during 15 min. to molten potassium hydroxide (100 g.) at 180°, and then the 
mixture was stirred for 1 hr. at 240°. Working up as in (B) gave anthanthrone (4-5 g.), 3: 9- 
dihydroxyanthanthrone (2-8 g.), and a dark residue which formed a blue-violet solution in 
alkaline sodium dithionite. 

(B) Anthanthrone (20 g.), obtained in a finely divided condition as in (A), was collected, 
washed with sodium carbonate solution, then water, and finally dried by suction. The filter 
cake (35 g.) was intimately mixed with manganese dioxide (35 g.) and added during 15 min. 
to molten potassium hydroxide (200 g.) at 180°. The temperature was raised to 240° and 
maintained thereat for 1 hr. At first the melt was viscous, later it became more fluid. It was 
added to water, the resulting suspension was aerated, and the undissolved material was 
collected and washed with 20% potassium hydroxide solution. The filter cake was extracted 
with hot water (800 c.c.), and the resulting permanganate-red solutions were filtered from 
undissolved solid (6 g.);_ this crystallised from chlorobenzene and was identified as anthanthrone. 
The permanganate-red extracts were combined and acidified by adding glacial acetic acid, and 
the resulting red-brown precipitate was collected, washed, and dried (yield, 7-4 g.). It did not 
melt below 360°. It was insoluble in boiling nitrobenzene or trichlorobenzene but crystallised 
from pyridine or quinoline in small red-brown needles. The red-violet solution in pyridine 
remained unaltered on the addition of methanolic potassium hydroxide, but a similar solution 
in aqueous sodium hydroxide became bluer on the addition of sodium dithionite. Heated in 
vacuo in a bath at 425° a small quantity sublimed (Found: C, 78-0; H, 3-2. Calc. for CygH ,90,: 
C, 78:1; H, 3-0%) but the main bulk remained as an alkali-insoluble product. It dissolved 
sparingly in hot acetic anhydride, forming a yellow solution. The same result was obtained 
with acetic anhydride containing boroacetic anhydride. On the addition of water (15 c.c.) to 
a solution of the product (10 g.) in concentrated sulphuric acid (100 c.c.) a black solid separated. 
This was collected, washed with 85% sulphuric acid, and then stirred with water (400 c.c.). 
3: 9-Dihydroxyanthanthrone was precipitated as a red-brown solid which exhibited the 
following light absorption maxima in concentrated sulphuric acid solution; 340 (E 30,800), 
380 (E 27,000), 449 (E 22,300), 475 (E 35,200), 570 (E 14,400), and 620 my (E 18,300). 

(C) Anthanthrone (10 g.), potassium chlorate (10 g.), and copper chloride (2 g.) were added 
to potassium hydroxide (60 g.) at 150° and the mixture was stirred at 240° for 1 hr. (cf. Corbellini 
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and Crespi, loc. cit.). The product contained anthanthrone (3 g.) and 3: 9-dihydroxyanth- 
anthrone (3-6 g.).. On methylation the latter gave a derivative which exhibited the same light 
absorption in concentrated sulphuric acid as the 3 : 9-dimethoxyanthanthrone described below. 

3: 9-Dihydroxyanthanthrone was recovered unaltered after 12 hr.’ heating with aqueous 
ammonia (d 0-880) at 220°. It was also unchanged by hot morpholine. 

Methylation of 3: 9-Dihyvdroxyanthanthrone.—(a) 3 : 9-Dihydroxyanthanthrone was recovered 
unchanged when 1 g. was dissolved in water (25 c.c.) containing sodium hydroxide (0-2 g.) and 
heated and stirred with methyl sulphate (1 c.c.) during 3 hr., sodium carbonate being added at 
intervals. 

(6) 3: 9-Dihydroxyanthanthrone (5 g.) was dissolved in a 2% solution (100 c.c.) of potassium 
hydroxide, and potassium hydroxide (20 g.) was then stirred in. The potassium salt which 
separated was collected and dried. It was a dark purple solid with a green lustre. The 
potassium salt (1 g.) was heated for 12 hr. at 130° with methyl iodide (8 ¢.c.). The product was 
extracted by means of dilute sodium hydroxide, then dried and crystallised from trichloro- 
benzene. Orange needles of 3: 9-dimethoxyanthanthrone separated. The same product 
(Found: C, 78-7; H, 4:0. Calc. for C,gH,,O,: C, 78-7; H, 3-8%) [light absorption maxima 
in concentrated sulphuric acid at 340 (E 33,000), 380 (E 17,400), 451 (£ 22,700), 475 (E 35,200), 
570 (E 15,200),-and 620 my (£ 21,500)] also resulted, in better yield (0-6 g.), when 
3: 9-dihydroxyanthanthrone (1 g.) was heated under reflux for 12 hr. with anhydrous potassium 
carbonate (2 g.), methyl toluene-p-sulphonate (2 g.), and trichlorobenzene (200 c.c.). In 
concentrated sulphuric acid both products formed blue-violet solutions which exhibited the 
same light absorption maxima as the 3: 9-dimethoxyanthanthrone prepared from 5-methoxy- 
naphthastyryl (G.P. 504,342). 

3: 9-Diacetoxyanthanthrone.—3 : 9-Dihydroxyanthanthrone (5 g.) was prepared in a finely 
divided state by precipitation from sulphuric acid, then dried in air and heated under reflux for 
4 hr. with acetic anhydride (150 c.c.). The acetylated compound separated. It was filtered off 
and crystallised from trichlorobenzene. The resulting reddish-orange needles of 3 : 9-diacetoxy- 
anthanthrone did not melt below 360° (Found: C, 73-4; H, 3:5; Ac, 20-45. C,,H,,O, requires 
C, 73-9; H, 3:3; Ac, 20-29%). 

3:6: 9: 12-Tetra-acetoxyanthanthrene.—Finely divided 3: 9-dihydroxyanthanthrone (2 g.) 
was heated under reflux with zinc dust (10 g.) in acetic anhydride (50 c.c.). The dark colour 
became lighter and a green-blue fluorescence developed. After 30 min. the mixture was filtered 
through sintered glass, and the orange yellow prisms of 3:6: 9: 12-tetva-acetoxyanthanthrene 
which separated from the filtrate were recrystallised from ethyl acetate, in which it formed a 
yellow solution with a blue fluorescence. It decomposed before melting (Found: C, 70-4; H, 
3:7; Ac, 33-6. C39H,,O, requires C, 70-8; H, 3-9; Ac, 33-8%). It dissolved slowly in aqueous 
sodium hydroxide to a red-violet solution, and in pyridine to a yellow solution with a green 
fluorescence. On the addition of a drop of methanolic potassium hydroxide a red colour 
developed, changing to red-violet. 

5-Acetoxy-N-acetylnaphthastyryl—By the method of G.P. 504,342 (Example 1), 1-cyano- 
naphthalene-4 : 8-disulphonic acid (10 g.) afforded 8 g. of a product which sublimed in 
vacuo from a bath at 250° and gave pure 5-hydroxynaphthastyryl (3-5 g.), m. p. >300°. 
A slight improvement in yield (to 4-0 g.) resulted when the conditions of Example 3 were used 
(Found: C, 71-2; H, 3-9; N, 7-4. Calc. for C,,H,O,N: C, 71-4; H, 3-8; N, 7:5%). The 
diacetyl derivative was obtained by heating 0-3 g. of 5-hydroxynaphthastyryl with 5 c.c. of 
acetic anhydride under reflux for 30 min. Crystallisation from alcchol gave colourless needles 
of 5-acetoxy-N-acetylnaphthastyryl, m. p. 210—211° (Found: C, 66:6; H, 3-9; N, 5-2. 
C,;H,,0,N requires C, 66-9; H, 4-1; N, 5:2%). 

The crude product prepared from 5-methoxynaphthastyryl by hydrolysis, diazotisation, 
coupling (cf. Macrae and Tucker, J., 1933, 1520), and ring-closure was sublimed in vacuo from a 
bath at 325°. It yielded a reddish-orange powder, m. p. >350° (Found: C, 78-5; H, 4-1. 
Calc. for C,4H,4O,: C, 78-7; H, 3-8%). It exhibited the properties of the dimethoxyanth- 
anthrone referred to in G.P. 507,338, Example 1. The green solution in concentrated sulphuric 
acid exhibited light absorption maxima at 340 (E 31,600), 380 (E 16,800), 451 (E£ 21,000), 475 
(E 34,200), 470 (E 14,900), and 620 my (£ 20,200). 

Action of Sodamide on Anthanthrone.—A suspension of anthanthrone (6 g.) in dimethylaniline 
(50 c.c.) was stirred with finely powdered sodamide (8 g.) at 160°. The colour changed from 
yellowish-orange to blue. After 4 hr. the blue solid was filtered off and added to water. 
Ammonia was liberated, and an orange suspension and a red-violet solution were formed. The 
whole was aerated, and the orange-brown solid was collected and washed with water and acetone. 
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Crystallisation from nitrobenzene afforded anthanthrone, identified by the absorption spectrum 
of its solution in concentrated sulphuric acid. 

Action of Morpholine and Sodamide on Anthanthrone.—Finely divided anthanthrone (10 g.), 
sodamide (5 g.), and morpholine (100 c.c.) were heated under reflux. The colour changed from 
orange to blue-violet. After 4 hr. the product was cooled and added to water; there was no 
evidence of unchanged sodamide. The suspension was aerated, and the solid was collected and 
extracted with hot 20% hydrochloric acid (3 x 500 c.c.). The first and second extracts were 
violet, the third was feebly coloured. On addition to 91. of water the combined, filtered extracts 
afforded a deep violet precipitate. 

This product, after being washed and dried (0-4 g.), crystallised from pyridine in 
deep violet, impure needles (Found: N, 5:0. Calc. for C3)H,,0,N,: N, 60%). It 
decomposed without subliming when heated in vacuo. It gave a greenish-brown solution 
in concentrated sulphuric acid, exhibiting no marked light absorption maxima. On the 
addition of water the solution became orange, then red-violet. The product was difficultly soluble 
in alkaline dithionite, more easily on the addition of pyridine, forming a red-violet solution. 
The hydrochloric acid-insoluble part (8 g.) of the product was identified as anthanthrone. 

The crude 3: 9-dimorpholinoanthanthrone (0-2 g.) was heated under reflux for 3 hr. with 
potassium hydroxide (2 g.) and glycol (10 c.c.). Morpholine was eliminated. After addition 
to water (100c.c.) and filtration, a tar was obtained and a violet filtrate. The latter was acidified 
with acetic acid, and the resulting precipitate was collected, dried, and methylated as described 
for 3: 9-dihydroxyanthanthrone. The product exhibited light absorption maxima in concen- 
trated sulphuric acid at 340 (E 32,100), 380 (E 15,900), 451 (E 21,000), 475 (E 31,900), 570 
(E 14,900), and 625 my (E£ 20,300). 

The same 3: 9-dihydroxyanthanthrone was obtained together with morpholine when the 
crude dimorpholinoanthanthrone (0-1 g.) was fused with potassium hydroxide (5 g.) and water 
(0-3 c.c.). 

Tetrachloroanthanthrone.—3 : 9-Dihydroxyanthanthrone (10 g.) was intimately mixed with 
phosphorus pentachloride (20 g.) and heated in an oil-bath at 160°. A reaction proceeded for 
3 hr. during which phosphorus oxychloride distilled and hydrogen chloride was evolved. The 
brown product was stirred with ice, then collected and stirred with concentrated sulphuric acid. 
The resulting green solution was filtered, then added to water, and the brown precipitate was 
collected, washed, and dried. It was then extracted with trichlorobenzene at the b. p.; an 
orange solid separated from the filtered solution on cooling. Recrystallisation from the same 
solvent gave orange needles of a tetrachloroanthanthrone (Found: Cl, 30-1. C,y,H,O,Cly requires 
Cl, 32-0%). These dissolved in concentrated sulphuric acid, forming a solution which exhibited 
light absorption maxima at 347 (£ 30,800), 469 (E 22,800), and 667 my (E 11,200). The product 
dissolved in pyridine with a yellow colour, changed to green on the addition of methanolic 
potassium hydroxide. It dissolved in alkaline sodium dithionite forming a blue-violet solution. 
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773. Chemistry of Anthanthrone. Part I1.* Rearrangement and 
Elimination Reactions in the Action of Potassium Hydroxide on Two 
Dibromoanthanthrones. 


By WILLIAM BRADLEY and JEFFREY WALLER. 


Direct bromination of anthanthrone affords the 4: 10-derivative identical 
with the compound derived by ring synthesis. Though stable towards aniline 
the substituents of 2: 8- and 4: 10-dibromoanthanthrone are replaceable by 
morpholine. Potassium hydroxide converts both dibromo-compounds into 
3: 9-dihydroxyanthanthrone; the formation of anthanthrone and 4: 10- 
dihydroxyanthanthrone has also been observed. The mechanism of the 
replacement, elimination, and rearrangement reactions is discussed. 


AccorDING to F.I.A.T. Final Report, 1313, Vol. II, pp. 89, 90, the bromination of anthan- 
throne in oleum containing iodine yields the 2: 8-dibromo-derivative (I). Beilstein’s 
“ Handbuch,” Vol. VII, 2nd Erganzungsband, p. 784, and Corbellini and Atti (Chim. e 
Ind., 1936, 18, 295), however, represent the product of direct bromination as the 4: 10- 
derivative (II), although apparently without proof. In the present experiments the pro- 
cedure of F.I.A.T. 1313 was repeated and the product was purified through the oxonium 
sulphate and regenerated by addition to water. It showed the same absorption spectrum 
in sulphuric acid as authentic 4: 10-dibromoanthanthrone prepared by cyclisation of 
4: 4’-dibromo-1 : 1’-dinaphthyl-8 : 8’-dicarboxylic acid (Rule and Smith, J., 1937, 1096). 
2: 8-Dibromoanthanthrone, prepared by cyclisation of 6: 6’-dibromo-l : 1’-dinaphthyl- 
2 : 2’-dicarboxylic acid (Rule and Smith, Joc. cit.), exhibited a closely related, yet different, 
spectrum. Both 2: 8-and 4: 10-dibromoanthanthrone dissolve in pyridine with a yellow 
colour changed to green on the addition of methanolic potassium hydroxide. The colour 
change is probably the result of combination of alkali hydroxide with the carbonyl groups, 
as with benzil (Scheuing, Ber., 1923, 56, 252), since addition to water reverses the change. 
Anthanthrone, 3: 9-dimethoxyanthanthrone (III; OMe for OH), and the tetrachloro- 


oO O OK 
AMANAY Bi ON //\ oy i aaa: 
. 3 | eae , A A OH AA jp ch 
a ‘ ) I l OH 

ry YJ Nyy \Y \ % a. NN es NY, \Z 
17 i OK 
O O 
(1) (ITT) (IV) 


anthanthrone obtained by the action of phosphorus pentachloride on 3 : 9-dihydroxyanthan- 
throne (III), also show a colour change with alkali. On the other hand 4 : 10-dimorpholino- 
anthanthrone (II ; *NC,H,O for Br) does not, probably because basic substituents diminish 
the unsaturation of carbonyl groups in a conjugated system. 3: 9-Dihydroxyanthanthrone, 
which is strongly acidic, affords a red-violet solution in pyridine unchanged by the addition 
of alkali. 3: 9-Diacetoxyanthanthrone (III; OAc for OH) is hydrolysed by the alkaline 
reagent; the change in colour from yellow to red-violet is not reversed on the addition of 
water. 

2 : 8-Dibromoanthanthrone was unaffected when heated with aniline, but morpholine 
caused replacement, a violet product resulting. 4: 10-Dibromoanthanthrone behaved 
similarly ; morpholine afforded the violet 4 : 10-dimorpholinoanthanthrone (II; *-NC,H,O 
for Br). 

2: 8-Dibromoanthanthrone reacted easily with potassium hydroxide at 170—200°. 
The main product was 3: 9-dihydroxyanthanthrone (III), identified by methylation to 
3: 9-dimethoxyanthanthrone and comparison with an authentic sample prepared by 
cyclising 5 : 5’-dimethoxy-1 : 1’-dinaphthyl-8 : 8’-dicarboxylic acid. 

4:10-Dibromoanthanthrone was stable towards sodium methoxide in refluxing 
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methanol and sodium ethoxide inethanol. Heating with potassium hydroxide at 170—200° 
caused elimination of the halogen: the main product was 3: 9-dihydroxyanthanthrone, 
identified by methylation to the dimethyl derivative and comparison with an authentic 
sample; in addition, anthanthrone was formed, and a phenol which showed the reactions of 
4: 10-dihydroxyanthanthrone. 

The conversion of both 2: 8- and 4: 10-dibromoanthanthrone into 3 : 9-dihydroxy- 
anthanthrone by hot alkali recalls the well-known conversion of benzene-p-disulphonic 
acid and #-chloro- and p-bromo-phenol into resorcinol in similar circumstances, and the 
change of o- and p-chlorotoluene into m-cresol reported by Meharg and Allen (J. Amer. 
Chem. Soc., 1932, 54, 5920) and Shreve and Marsel (Ind. Eng. Chem., 1946, 38, 354). With 
the dibromoanthanthrones the change probably originates in the attack of hydroxyl ions 
at the 3: 9-positions which are para to carbonyl groups. With the 2: 8-compound the 
intermediate (IV) would be expected, and finally (III) by loss of potassium bromide and 
rearrangement. 

The suggested mechanism of elimination of the 2-bromo-substituent harmonizes with 
that advanced for the elimination of 2-aminoanthraquinone from reduced 2-amino-1 : 2’- 
dianthraquinonylamine (Bradley, Leete, and Stephens, J., 1951, 2158), of the chloro- 
substituents from reduced 3: 3’-dichloroindanthrone (Bradley and Nursten, J., 1952, 
3027), and of a 2-sulpho-substituent from reduced 1 : 5-diamino-4 : 8-dihydroxyanthra- 
quinone-2 : 6-disulphonic acid (G.P. 108,578, 110,880). 

With amyl-alcoholic potassium hydroxide 4: 10-dibromoanthanthrone gave anthanthrone 
in addition toa hydroxy-compound which differed from 3 : 9-dihydroxyanthanthrone and had 
the recorded properties of 4: 10-dihydroxyanthanthrone, the normal product of hydrolysis. 
The formation of anthanthrone can be explained as occurring by reduction of the dibromo- 
compound to the dihydro-form by the alcoholic alkali, followed by elimination of hydrogen 
bromide and repetition of the reduction and elimination reactions. Anthanthrone was 
formed in small amount, however, when the alcohol was absent. It is probable that in this 
instance the same reduction and elimination processes occurred but that the reduction was 
effected by transfer of hydrogen from an intermediate analogous to (IV) but derived from 
4:10-dibromoanthanthrone. Mention should be made in this connection of Goldstein 
and Gardner’s observation (J. Amer. Chem. Soc., 1934, 56, 2131) that the reduced forms of 
halogenoanthraquinones undergo dehalogenation on exposure to light. 

During this work the relative rates of diffusion of the reduced forms of anthanthrone and 
its derivatives were studied by means of the device described by Brown (Nature, 1939, 148, 
377). The several compounds were dissolved in alkaline sodium dithionite, and the solu- 
tions poured into the central hole of the cover plate. Diffusion occurred and the addition 
of further alkaline dithionite led to the separation of bands. The ratio (Ry) of the distances 
travelled by the concentric rings of solvent-front and solution was determined. White 
blotting paper was used as the substrate. Clear separations of mixtures were generally 
obtained and the following values of Rp are typical: anthanthrone 0-25; 2: 8-0-1, and 
4: 10-dibromoanthanthrone 0-1; 3: 9-0-4, and 4: 10-dihydroxyanthanthrone 0-4; 3:9- 
dimethoxyanthanthrone 0-2. In practice the values obtained in particular experiments 
depended in some degree on the concentration of salts. 


EXPERIMENTAL 


4: 10-Dibromoanthanthrone.—(a) This compound was synthesised from naphthalic anhydride 
by way of 8-hydroxymercuri-l-naphthoic acid (Leuck, Perkins, and Whitmore, J. Amer. Chem. 
Soc., 1929, 51, 1831), 8-bromo-l-naphthoic acid (Rule, Purcell, and Brown, /., 1934, 170), 
5: 8-dibromo-l-naphthoic acid and its methyl ester, and dimethyl 4: 4’-dibromo-1 : 1’-di- 
naphthyl-8 : 8’-dicarboxylate (for cyclisation see Rule and Smith, loc. cit.). 

4: 10-Dibromoanthanthrone crystallised from nitrobenzene in red needles, m. p. >360° 
(Found: C, 56-6; H, 2-0; Br, 34-1. Calc. for C,H,O,Br,: C, 56-9; H, 1-7; Br, 34-5°%). 
Sublimation at low pressure from a bath at 350° gave a single red zone. The dibromo-compound 
dissolved in concentrated sulphuric acid with a green colour [absorption maxima at 345 (E 
34,400), 460 (E 13,000) and 745 (E 10,700)}]. It dissolved in alkaline sodium dithionite with a 
blue-violet colour, and the solution when absorbed on cellulose, gave a single blue zone changed 
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to reddish-orange on aeration. It was recovered unchanged after being heated at the b. p., 
for 12 hr. with aniline, for 24 hr. with 20% methyl-alcoholic potassium hydroxide, or for 10 hr. 
with a solution of sodium (5 g.) in methanol (50 c.c.). 

(6) 1: 1’-Dinaphthyl-8 : 8’-dicarboxylic acid was dissolved in concentrated sulphuric acid, 
and the resulting anthanthrone was further brominated by the method of F.I.A.T. Final Report, 
No. 1313, Vol. II, p. 90. The product, purified from concentrated sulphuric acid and crystallised 
from nitrobenzene, formed lustrous, red needles, m. p. >360° (Found: Br, 34-2. Calc. for 
C,,H,O,Br,: Br, 34:5%). The green solution in concentrated sulphuric acid exhibited light 
absorption maxima at 345 (E 34,000), 460 (£ 13,000), and 745 my (£ 10,300). 

4 : 10-Dimorpholinoanthanthrone.—A suspension of 4: 10-dibromoanthanthrone [1 g.; prep. 
(a)] in morpholine (25 c.c.) was heated under reflux for 6 hr. The solution which had changed 
in colour from yellow to red-violet was added to water. The resulting tarry precipitate was 
collected, dried, and crystallised from chlorobenzene. 4: 10-Dimorpholinoanthanthrone was 
obtained as a violet powder which dissolved in concentrated sulphuric acid to a violet solution 
which showed light absorption maxima at 500 (E 23,800), 565 (E 12,800), and 620 mu (E 18,100) 
(Found: C, 76-0; H, 5-1; N, 5:5. C,9H,,O,N, requires C, 75-6; H, 5-1; N, 59%). The 
violet solution in pyridine remained almost unchanged on the addition of methanolic potassium 
hydroxide. 

A parallel experiment with 4: 10-dibromoanthanthrone from prep. (b) gave similar 
material with absorption maxima at 500, 565, and 620 mp. The compound dissolved with a blue- 
violet colour in alkaline sodium dithionite. 

Action of Amyl-alcoholic Potassium Hydroxide on 4: 10-Dibromoanthanthrone.—4 : 10- 
Dibromoanthanthrone (4 g.) was heated under reflux for 24 hr. with a solution of potassium 
hydroxide (20 g.) in amyl alcohol (400 c.c.). The resulting blue solution was added to water, and 
the amyl alcohol was distilled off in steam. A brown solid remained. This was collected and 
extracted with water. A green solution was obtained and this gave a reddish-brown precipitate 
on acidification. Though soluble in dilute sodium hydroxide the product was insoluble in more 
concentrated alkali. It dissolved in alkaline dithionite, forming a violet solution. The red- 
violet solution in pyridine became green on the addition of 30% methanolic potassium hydroxide, 
unaltered on the further addition of water. It sublimed under reduced pressure from a bath at 
350°, forming a single brown zone. The compound dissolved in concentrated sulphuric acid, 
forming a green solution [light absorption maxima: 343 (E 34,200), 450 (E 15,100), and 815 mu 
(E 8300) (Found: C, 80-1; H, 2-7. C,,H,,O, requires C, 82-0; H, 3-1. (C,,H,,O, requires 
C, 78-1; H, 30%). 

Part of the original reaction product which was insoluble in sodium hydroxide was dissolved 
in alkaline dithionite solution and chromatographed on cellulose; one band gave anthanthrone 
on aeration. Another portion was sublimed in vacuo. Two bands resulted of which the more 
volatile exhibited the reactions and absorption spectrum of anthanthrone; the lower band 
contained a bromo-compound. 

Action of Potassium Hydroxide on 4 : 10-Dibromoanthanthrone.—4 : 10-Dibromoanthanthrone 
(10 g.) was added during 15 min. to potassium hydroxide (100 g.) and water (10 c.c.) at 170°. 
The temperature was raised to 200° and the whole was stirred for 2hr. The violet product was 
added to water (500 c.c.), and the suspension was aerated and then filtered. The residue was 
extracted twice with hot water (300 c.c.) and finally with 1% potassium hydroxide. The com- 
bined extracts were acidified with hydrochloric acid, and the precipitate (2-4 g.) was collected. 
A portion of this product was dissolved in alkaline sodium dithionite, the reduction product was 
chromatographed on cellulose, and the resulting bands were aerated. The main constituent was 
a red-violet compound, but a trace of a green product was present also which gave the reactions 
of 4: 10-dihydroxyanthanthrone. 

The unseparated mixture of hydroxy-compounds was methylated in o-dichlorobenzene with 
methyl toluene-p-sulphonate and potassium carbonate (see methylation of 3 : 9-dihydroxyanth- 
anthrone, preceding paper, p. 3781). The violet product, crystallised from o-dichlorobenzene 
and then sublimed in vacuo from a bath at 350°, gave an orange-red compound identical with 
authentic 3: 9-dimethoxyanthanthrone [light absorption in concentrated sulphuric acid : 
max. at 340 (E 31,200), 380 (E 16,800), 451 (E 21,700), 475 (E 33,600), 570 (E 14,700), and 620 mz 
(E = 20,700)]. 

2: 8-Dibromoanthanthrone—Prepared from 1:6-dibromo-2-naphthylamine by Rule and 
Smith’s method (J., 1937, 1096) (Found: C, 56-6; H, 1-9; Br, 33-8. Calc. for C,,H,O,Br, : C, 56-9; 
H, 1:7; Br, 34-5%), this sublimed in vacuo from a bath at 350° to give a single orange zone. It 
gave a yellow solution in pyridine, changed to green on the addition of a drop of 30% methanolic 
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potassium hydroxide. It formed a green solution in concentrated sulphuric acid and dissolved 
in alkaline sodium dithionite with a blue-violet colour. It was recovered unaltered after 12 
hours heating with aniline at the b. p. 

When 2: 8-bromoanthanthrone (0-5 g.) was heated under reflux for 6 hr. with morpholine 
(25 c.c.) and then added to water a dark precipitate was formed and this separated from chloro- 
benzene as a violet, crystalline powder. It formed a red-violet solution in concentrated sul- 
phuric acid which did not exhibit any marked maximum light absorption. The red-brown 
solution in pyridine became green on the addition of methanolic potassium hydroxide. In the 
presence of a small volume of pyridine it dissolved in alkaline sodium dithionite, forming a blue 
solution. 

Fusion of 2: 8-Dibromoanthanthrone with Potassium Hydroxide. Formation of 3: 9-Di- 
methoxyanthanthrone.—2 : 8-Dibromoanthanthrone (5 g.) was added to potassium hydroxide 
(50 g.) and water (5 c.c.) at 170°, and then the mixture was stirred at 200° for 3hr. The violet 
product was added to water (250c.c.), and the suspension so formed was aerated and then filtered. 
The residue was extracted with hot water and the resulting permanganate-red solution was 
filtered and acidified. The precipitate was collected, dried, and methylated with potassium 
carbonate and methyl toluene-p-sulphonate. The alkali-insoluble product was sublimed in 
vacuo; a solution of the sublimate in concentrated sulphuric acid exhibited light absorption 
maxima at 340 (E 32,000), 380 (E 16,700) 451 (E 21,700), 475 (E 32,400), 570 (£ 14,800), and 
620 mu (E 20,000). 


The authors thank Messrs. The Clayton Aniline Co. Ltd. for the award of a maintenance 
grant to one of them (J. W.), and Imperial Chemical Industries Limited, Dyestuffs Division, 
for gifts of intermediates. 
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774. Studies on Organic Fluorine Compounds. Part I. Some 
Esters of Monofluoroacetic Acid and Related Compounds. 


By Ernst D. BERGMANN and I. BLANK. 


Ethyl fluoroacetate is obtained from the chloroacetate and potassium 
fluoride at ordinary pressure, if acetamide or its N-methy! derivative is used 
as solvent. Replacement of chlorine or bromine by fluorine under these 
conditions is also possible in some other cases. Some higher alkyl fluoro- 
acetates have been prepared by transesterification reactions. 


THE known methods for the preparation of esters of fluoroacetic acid are based on the 
interaction between a derivative of chloro- or bromo-acetic acid and potassium or some 
other fluoride (see Henne, “‘ Organic Reactions,”’ 1948, Vol. 2, p. 49). This reaction is 
slow at atmospheric pressure, and the yields are unsatisfactory, especially in the case of 
chloroacetic acid derivatives. FE.g., by refluxing ethyl bromoacetate with potassium 
fluoride during 16 hr., Bacon, Bradley, Hoegberg, Tarrant, and Cassaday (J. Amer. Chem. 
Soc., 1948, 70, 2653) obtained only a 45% yield of ethyl fluoroacetate. A more practical 
method involves use of pressure autoclaves and higher temperatures, yields reported 
varying, for ethyl fluoroacetate, from 20% (Jenkins and Kohler, Chem. Ind., 1948, Feb., 
p. 232) to 75% (Gryszkiewicz-Trochimovski, Sporzynski, and Wnuk, Rec. Trav. chim., 
1947, 66, 413, 419). Work under pressure with these poisonous and almost completely 
odourless compounds is however hazardous, especially as the reaction is sometimes 
accompanied, owing to unknown factors, by dangerous pressure increase; furthermore, 
the reaction mixture is highly corrosive. 

Attempts to accelerate the reaction by increasing the temperature, by using high- 
boiling esters of chloroacetic acid and potassium fluoride in an efficient column, failed ; 
e.g., with butyl chloroacetate, the rate of the reaction, low even at the beginning, quickly 
approached zero, and the result with n-octyl chloroacetate (b. p. 247°) was no better. 
It can be assumed that the potassium fluoride is quickly covered with a film of the chloride 
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which prevents further reaction. Recently (Bull. Soc. chim., 1953, 20, 462), it was 
observed by E. Gryszkiewicz-Trochimovski, O. Gryszkiewicz-Trochimovski, and Levy that 
satisfactory yields (75%) can be obtained by heating potassium fluoride with cyclohexyl 
bromoacetate. 

A possibility of overcoming the difficulties caused by the heterogeneous character of the 
reaction mixture was indicated by our observation (cf. Bacon et al., loc. cit.) that chloro- 
acetamide (b. p. 222°) but not chloroacetanilide (b. p. 228°), when heated with potassium 
fluoride, gave a 65% yield of fluoroacetamide. It was assumed that potassium fluoride 
was more soluble in the amide than in the anilide. Sodium fluoride, which is insoluble in 
chloroacetamide, does not react with it. 

A suitably high-boiling, readily available solvent for potassium fluoride and esters of 
chloroacetic acid was found in acetamide, which at 120° dissolved 5% (by weight) of 
potassium fluoride. Anhydrous conditions proved essential, in order to prevent hydrolytic 
side reactions. The yield thus obtained was 60—63%. Sodium and ammonium fluorides, 
which are practically insoluble in acetamide, gave negligible results. Addition of xylene 
or nitrobenzene to the reaction mixture had an inhibitory effect. Of other amides 
tested, benzamide and dimethylformamide were ineffective, methoxyacetamide gave low 
yields, and only N-methylacetamide afforded results similar to those obtained with 
acetamide. It must be concluded that at least one hydrogen atom in the amide group is 
necessary for the dissolution of potassium fluoride, presumably by the formation of 
hydrogen bonds. 

In the same way, n-butyl and tsobutyl fluoroacetate could be prepared (see Table 2). 
For higher esters, acetamide is too volatile and part of it is carried over with the distillate. 
In these cases, transesterification of ethyl fluoroacetate with the desired alcohol is 
preferable (cf. Bacon et al. and Gryszkiewicz-Trochimovski et al., locc. cit.); thus, n-amyl, 
n-hexyl, and n-octyl fluoroacetate have been prepared (see Table 2). 

A cursory investigation of the applicability of the acetamide method to other halogen- 
replacement reactions is reported in Table 1. In view of the known reactivity of benzyl 


TABLE 1. Reactions of alkyl halides with potassium fluoride in botling acetamide. 
Yield __B. p. of fluoride Yield ___‘B. p. of fluoride 
Halide ) obs. lit. Halide (%) obs. lit. 
Pentyl chloride — —- Octyl bromide 19 141—143° 142-5°¢ 
Pentyl bromide 62° 62-8°* Benzyl bromide 0 — 139-8 * 
isoPentyl bromide... 18 52 53-5  2-Chloroethyl acetate 20 I116—118 119-3° 
Octyl chloride 27 141—143 142-5° 
* Swarts, Bull. Acad. roy. Belg., 1921, 7, 442. ° Ingold and Ingold, J., 1928, 2257. * Swarts, 
Rec. Trav. chim., 1914, $8, 252. 


bromide, it must be concluded that it reacts preferentially with the acetamide, thus escaping 
fluorination. 
EXPERIMENTAL 

Materials.—Potassium fluoride (water content of the commercial product, 6%) was dried 
at 120°. Finely ground and coarse potassium fluoride gave the same results. Acetamide was 
purified by distillation (b. p. 215—220°). Methylacetamide was prepared according to Hofmann 
(Ber., 1881, 14, 2729) (b. p. 206°), methoxyacetamide according to Kilpi (Z. physthal. Chem., 
1912, 80, 182) (m. p. 96°), and chloroacetamide (m. p. 119-5°) and chloroacetanilide (m. p. 134°) 
according to Scholl (Ber., 1896, 29, 2417) and Tommasi (Bull. Soc. chim., 1873, 19, 400). 

Apparatus.—A three-necked ground-joint flask of 1 1. capacity was mounted with an 
efficient stirrer (mercury seal) and a heated Vigreux column (30-cm.), which was connected to a 
reflux head with variable take-off and a condenser. Redistillation of the products was carried 
out in a packed column (glass helices), 85 cm. long and 2 cm. in diameter (7 theor. plates). 

Ethyl Fluoroacetate.—A ratio 1: 2: 3 for acetamide, potassium fluoride, and the ester permits, 
with a suitable reflux ratio, constant take-off of ethyl fluoroacetate. A mixture of ethyl chloro- 
acetate (300 g.), potassium fluoride (200 g.), and acetamide (100 g.) was heated with stirring. 
After 3 min. refluxing began, the temperature at the head of the column being 117°; it was kept 
at 117—121° during the reaction, which required about 2 hr.; at the end, the temperature fell 
gradually to 70°. The crude distillate weighed 216 g. Redistillation gave ethanol (about 
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16 g.), ethyl fluoroacetate (137 g.), b. p. 117—-118°, nf 1-37, d3p 1-092, [M1], 22-00 (calc., 22-09), 
and ethyl chloroacetate (52 g.). The ethyl fluoroacetate contained only 0-4% of chlorine. 

Pentyl Fluoroacetate (by Trans-esterification).—Ethyl fluoroacetate (0-47 mole), m-pentyl 
alcohol (0-52 mole), and concentrated sulphuric acid (1 g.) were heated in an efficient column 
during lhr. The product (41-5 g., 59%) boiled at 170—172°. 


TABLE 2. Higher esters of fluoroacetic acid (CH,F*CO,R). 
(A = acetamide method; B = transesterification.) 
[M]p Yield* Found (% 
B. p. no a?° Found Calc. Method (%) C 
150° 1-392 1-:0184 31-05 31-41 54 
154 1-392 1:0200 31-00 31-41 y 
171 1-398 0-9980 36-00 36-03 
189 1-410 0-9650 41-50 40-65 
223 1-417 0-9460 50-20 49-89 
* Based on the chloroacetate employed. 
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Butyl Fluoroacetate (without a Solvent)—Butyl chloroacetate (130 g.) (Gehring, Bull. Soc, 
chim., 1886, 46, 147) and dry potassium fluoride (100 g.) were heated with stirring. Only a 
small fraction boiled at 150—160°, then the temperature rose above 170° and remained constant 
at this level even after 2hr. On redistillation, only 8 g. (7%) of a product were obtained which 
boiled at 153—155° (b. p. of butyl fluoroacetate 154°). 

Reaction in Methylacetamide.—Ethyl chloroacetate (100 g.), potassium fluoride (100 g.), 
and methylacetamide (40 g.) were heated as above. 67G. of crude distillate were obtained 
within 90 min. and afforded, on redistillation, fractions, b. p. 75—80° (14 g.), b. p. 117—119° 
(25 g., 349%; ethyl fluoroacetate), and b. p. 140—142° (13 g.; ethyl chloroacetate). 

Reaction in Methoxyacetamide.—Ethyl chloroacetate (100 g.), potassium fluoride (72 g.), 
and methoxyacetamide (36 g.) were heated with stirring. Within 6 hr. 23 g. of distillate were 
collected. Redistillation gave 10 g. (11%) of ethyl fluoroacetate, b. p. 115—120°. eo 

2-Fluoroethyl Acetate.—2-Chloroethyl acetate (Bogert and Slocum, J. Amer. Chem. Soc., 
1924, 46, 766) (123 g.), potassium fluoride (87 g.), and acetamide (59 g.) were heated with stirring 
as described above during 2 hr. The product, b. p. 115—120°, upon redistillation, gave the 
pure fluorine compound (20%), b. p. 116—118° (Swarts, Rec. Trav. chim., 1914, 33, 255, gives 
b. p. 119-3°). 

The data concerning the new esters of fluoroacetic acid are summarised in Table 2. 
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775. The Constitution of Two Piperitone Dimers. 
By Linpsay H. Brices, C. W. HARLAND, C. RALPH, and (Miss) H. A. Srmmonps. 


Evidence is adduced for the structure of two stereoisomeric dipiperitones 
formed through dimerisation of piperitone by the action of heat or alkali. 
Dimerisation probably occurs through primary Michael addition followed 
by aldolisation. The isomers are considered to be derivatives of ¢i- 
cyclo[7 : 3: 1: 0?*")tridec-2(7)-ene, containing a tertiary hydroxyl group and 
one keto-group conjugated with a double bond (see VI). All these groups 
show marked inactivity due to steric hindrance. 


Trerps (Ber., 1930, 63, 2738) reported the formation of three dimers of piperitone by 
irradiation of its solution in glacial acetic acid or aqueous alcohol with a mercury-vapour 
lamp : (a) needles, m. p. 162°, which did not form a semicarbazone, (}) silky needles, m. p. 
142—144° (semicarbazone, m. p. 228—235°), and (c) leaflets, m. p. 157—159°, which gave 
no semicarbazone. No structures were suggested for these compounds. Later (J. r. 
Chem., 1933, 138, 299), he recorded the formation of a fourth dimer by the action of hot 


[1953] The Constitution of Two Piperitone Dimers. 3789 


methyl-alcoholic potassium hydroxide on piperitone. It crystallised in plates and prisms, 
m. p. 105°, and slowly absorbed bromine in chloroform solution with the formation of 
Me Me hydrogen bromide. He suggested structure (I) for this dimer with no 
—/( \ further evidence supporting it. 
@:: ( 0 In the commercial production of piperitone through the bisulphite 
Pr (1) Pri derivative the residue from the distillation often crystallises. During a 
series of experiments aimed at preparing a racemic product, piperitone was 
treated with a 2% alcoholic solution of sodium ethoxide at room temperature for ten days. 
On distillation, the residue (18%) crystallised to give the same product. A preliminary 
purification produced crystals, m. p. 107-5—108°, of empirical formula, CyygH,,O, possibly 
identical with the fourth dimer described by Treibs. A more complete investigation of 
this material has now been made. 

First, fractional crystallisation, coupled with hand-sorting of the crystals, has afforded 
two isomeric products: (a) thin rectangular flat prisms, m. p. 110°, and (0) thick 
rectangular prisms, m. p. 94:5°, with the opposite angles more acute (almost twice as acute) 
and more obtuse than the respective angles of the (2) form. Both isomers are insoluble in 
water but soluble in all other common solvents, and separation by fractional crystallisation 
alone is very difficult. By analysis and determination of their molecular weight both have 
been shown to be dimers of piperitone with a molecular formula CyygHs,0,. We suggest 
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the names, «- and §-dipiperitone, respectively for these compounds, which exhibit similar 
and unusual properties. 

A thermal phase diagram (Fig. 1) illustrates the formation of a eutectic mixture, m. p. 
83-5°, containing 43°% of the a- and 57% of the @-isomer. This fact is important since in 
many reactions (see p. 3795) interconversion of the «- and the $-form occurred, as a result of 
which the eutectic crystallised out. 

Each isomer when treated with hot glacial acetic acid or dilute alcoholic sodium 
hydroxide is converted into a mixture of the two. 

Constitution of a-Diperitone.—a-Diperitone contains a hydroxyl group, a keto-group, 
and a double bond, all of which are unreactive owing to steric hindrance. 

The hydroxyl group. a-Dipiperitone fails to react with acetic anhydride and sodium 
acetate, phenyl ssocyanate, phenyl tsothiocyanate, 3 : 5-dinitrobenzoyl chloride, Denigés’s 
reagent, or chromic acid in chloroform solution. The presence of a hydroxyl group, 
however, is inferred from one active hydrogen atom disclosed in Zerewitinoff estimation and 
the presence of an absorption band at 3413 cm."! in the infra-red spectrum. Acetylation in 
the cold with acetic anhydride and a trace of perchloric acid, however, afforded a crystalline 
monoacetyl derivative, no longer exhibiting an absorption band at ca. 3413 cm.7}. The 
difficulty of acetylation indicates the presence of a tertiary alcohol, coupled with some 
steric hindrance. Tertiary alcohols are usually readily dehydrated by mild reagents. 
The «-isomer, however, did not undergo dehydration with boiling 98° formic acid but 
was lsomerised into a mixture of the «- and the 8-form. This could be accounted for if the 
carbon atoms adjacent to the carbon atom carrying the hydroxyl group were both 
quaternary, which is most unlikely in the present case, or that the carbon atom carrying 
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the hydroxyl group is at a bridgehead. It has been shown that in cases such as the latter 
(cf. Rabe, Ehrenstein, and Jahr, Annalen, 1908, 360, 1465) dehydration does not occur, 
since the resultant olefin, if formed, would be under considerable strain. The formation 
of such an olefin would contravene Bredt’s rule (for a discussion on which see Fawcett, 
Chem. Reviews, 1950, 47, 219). In our proposed structure for both isomers (see p. 3792) the 
tertiary alcoholic group is indeed attached to a bridgehead carbon atom. 

The carbonyl group. «-Dipiperitone fails to react with hydroxylamine, semicarbazide, 
2: 4-dinitrophenylhydrazine, or Girard’s reagent-T, and does not give a colour reaction 
with m-dinitrobenzene and alcoholic potassium hydroxide. It is also recovered un- 
changed from the Zerewitinoff estimation. The presence of a carbonyl group, however, is 
indicated from both the ultra-violet and the infra-red spectrum. The former (Fig. 2) shows 
maxima at 253 (log ¢ 3-90) and 321 my (log ¢ 2-08), indicative of an «3-unsaturated ketone. 
These values are different from those of piperitone itself which exhibits maxima at 235-5 
(log ¢ 4-25) and 321 mu (log ¢ 1-73) (Gillam, Lynas-Gray, Penfold, and Simonsen, J., 1941, 
60). Woodward (J. Amer. Chem. Soc., 1941, 63, 1123) has correlated the absorption 
bands of «3-unsaturated ketones with structure, and the above maxima correspond with 
an «3-unsaturated ketone fully substituted in the «- and the $-position (Woodward quotes 
a value of 254 +5 mu). The presence of a carbonyl group is also shown by an absorption 
band in the infra-red spectrum at 1618 cm.-!. This is considerably lower than that of a 
normal carbonyl band and even of an «$-unsaturated ketone which causes a shift of 
ca. 40 cm.“ to lower frequencies (cf. Jones, Williams, Whalen, and Dobriner, J. Amer. 
Chem. Soc., 1948, 70, 2024). Piperitone itself exhibits a maximum at 1667 cm."! at the 
lower limit of «$-unsaturated ketones, while substitution at the «- and both §-positions of 
an «$-unsaturated ketone, even where the double bond lies between two rings as in the 
proposed structure for the dimers (see p. 3792), has little effect on this value. Djerassi, 
Batres, Velasco, and Rosenkranz (ibid., 1952, 74, 1715), for example, record for 1la-hydroxy- 
A8(®)-22-isoallospirostene-3 : 7-dione maxima in a Nujol mull at 1718 cm.~!, assigned to the 
carbonyl group at Cg, and at 1660 cm."!, assigned to the trebly substituted «8-unsaturated 
ketone, with the double bond between two rings. Hydrogen bonding with a carbonyl 
group causes a considerable shift to lower wave-numbers as in 1-hydroxyanthraquinone 
(Flett, J., 1948, 1441) but, at the same time, the characteristic hydroxyl band disappears. 
This cannot be the explanation in the present case, since bands characteristic of both 
groups are present. Perhaps the very marked steric hindrance exhibited by the dimers is 
the reason for the low carbonyl value. Although the carbonyl group of «-dipiperitone does 
not react with methylmagnesium iodide in the Zerewitinoff estimation, yet it does react 
with lithium aluminium hydride to give a crystalline compound, C.)H3,03. Since carbonyl 
groups are reduced by this reagent to alcohols, and double bonds are not normally attacked, 
this compound is in all probability the corresponding dihydroxy-derivative, which failed, 
however, to give a crystalline acetyl derivative. The infra-red spectrum confirms this 
contention by the presence of an absorption maximum at 3521 cm.~!, characteristic of the 
hydroxyl group, and the complete lack of absorption from 3521 to 1290 cm.}, which 
includes the region characteristic of carbonyl groups. 

The ultra-violet absorption spectrum indicates substitution in the «-position of the 
conjugated double bond, and in conformity «-dipiperitone fails to condense with benz- 
aldehyde. Substitution at both «-carbon atoms and the suppression of carbonyl activity 
due to the presence of the «8-double bond thus account for the inability of «-dipiperitone to 
react with carbonyl reagents. Newman and Mosby (J. Amer. Chem. Soc., 1951, 73, 3738) 
record another ketone, unreactive through steric hindrance, which fails to react with 
Grignard reagents but may be reduced with lithium aluminium hydride (cf. also May and 
Mosettig, ibid., p. 1301). 

The double bond, «-Dipiperitone did not give any chemical tests for unsaturation. 
It gave no colour with tetranitromethane or antimony trichloride. It reacted only very 
slowly with bromine in glacial acetic acid but the product did not contain bromine 
(see p. 3794). It was recovered unchanged after attempts to hydrogenate it with palladium-— 
charcoal or with platinum oxide catalysts of proved activity at room temperature and 
3 atm., and even with two Raney nickel catalysts of proved activity at 100°/125 atm. It 
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was unchanged by neutral permanganate solution. The presence of a double bond, how- 
ever, conjugated with the carbonyl group, is indicated by the ultra-violet spectrum 
discussed above. Both the chemical and the physical evidence point to the presence of a 
tetrasubstituted double bond. Final chemical proof of the presence of a double bond was 
afforded by reduction with Raney nickel catalyst at 250°/170 atm. to a liquid hydrocarbon, 
CopHgg- This corresponds with reduction of the hydroxyl and the carbonyl group and 
one double bond. 

A solution of «-dipiperitone in glacial acetic acid only slowly decolorised bromine in 
the same solvent. Two atoms were decolorised in 24 hours, the mixture then fuming in 
moist air [compare the action of bromine on Treibs’s dimer (loc. cit.)]. The crystalline 
product, however, did not contain bromine and the molecular formula, Cy9H4 Q,, showed 
that dehydrogenation had taken place. It gave a test for unsaturation with tetranitro- 
methane but none with antimony trichloride, and it failed to undergo reduction with a 
palladium—charcoal catalyst in low-pressure hydrogenation. The ultra-violet absorption 
spectrum no longer exhibits the characteristics of an «$-unsaturated carbonyl group, and 
the infra-red absorption spectrum shows two strong bands at 3289 and 3185 cm."}, 
characteristic of an alcoholic and a phenolic group, respectively. The dehydrogenated 
product does not dissolve in sodium hydroxide solution nor does it give a ferric chloride 
colour. The insolubility in alkali, however, is again due to steric hindrance, since the 
compound exhibits phenolic properties in other ways. It dissolves in Claisen’s crypto- 
phenol reagent (Annalen, 1919, 418, 96), couples with diazotised #-nitroaniline, and as a 
phenol in the Molisch test for carbohydrates it gives a positive colour. The phenol has a 
free para-position since it gives a positive test with 2: 6-dibromoquinone chloroimide 
(Gibbs, J. Biol. Chem., 1927, 72, 649). 

When four atoms of bromine are used in the above bromination, a fara-substituted 
bromo-derivative of the above phenol is obtained, C,)H,,O,Br. This likewise fails to 
dissolve in sodium hydroxide solution but readily dissolves in a solution containing a 
little alcohol. A colour is no longer given by Gibbs's reagent. 

When heated with solid sodium hydroxide, «-dipiperitone decomposes with the formation 
of (-!)-tsomenthone in <50% yield. 

a«-Dipiperitone is not appreciably affected by selenium at 290°, almost all being recovered 
as the eutectic mixture of a- and $-forms. It does undergo dehydrogenation, however, at 
320°, yielding a liquid product with a possible molecular formula, C,,H,,0,, which fails to 
yield a crystalline derivative with picric acid or trinitrobenzene, indicating that complete 
aromatisation has not occurred. 

If we assume that a-dipiperitone is identical with the dimer obtained by Treibs (loc. cit.) 
by the action of methyl-alcoholic potassium hydroxide on piperitone, it is obvious that his 
proposed constitution as a diketone does not fit the above facts. We suggest that the 


CH,~ + [H]* CH, CH, 
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dimer is formed in two stages, by a Michael condensation followed by aldolisation. Only 
reaction in this order can give rise to products with the requisite properties. The influence 
of the carbonyl group of piperitone (Il) may be transferred by electromeric change to the 
methyl group on Cy) or to the methylene group at Cy, leading, in the ultimate case, 
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particularly in the presence of alkali, to the ions (IIIa) and (IIIc). These in turn can 
resonate with the canonical forms (IIIb) and (IIId) respectively. We suggest that Michael 
addition then occurs between the second of these forms and another molecule of piperitone 
(cf. the Michael addition of an «$-unsaturated ketone to acrylonitrile in Woodward’s 
synthesis of a steroid (Woodward et al., J. Amer. Chem. Soc., 1951, 78, 2404; 1952, 74, 
4223)], followed by rearrangement of the double bond to a position conjugated with the 
carbonyl group. Either form finally leads to the same intermediate product (IV). Only 
by condensation in this way can an «$-unsaturated ketone arise substituted in the «- and 
both $-positions to agree with the ultra-violet spectrum. The intermediate compound 
(IV), we suggest, then undergoes aldolisation, which could theoretically lead to two 
isomeric compounds (V) and (VI). The constitution (V) is most unlikely as it contains a 
bridgehead double bond and, therefore, contravenes Bredt’s rule. For a discussion on 
analogous compounds containing nitrogen atoms in the rings, see Fawcett (loc. cit., p. 265). 

Pr QOH 

2 bit: Sak Lom 

Ge AN die, ott 
CH,—\ Pg if Me 
HO Pri (VI) 

The structure (VI), however, is similar to the tricyclic compound (VII) obtained 
by Cook and Hewett (J., 1936, 62). They have shown that this compound has con- 
siderable stability similar to that of the parent hydrocarbon bicyc/o[3:3: ljnonane, itself 
(Meerwein, Annalen, 1913, 398, 196; J. pr. Chem., 1922, 104, 161). It is formed by 
dehydration of any of the three compounds (VIII), (LX), or (X), and does not undergo 
dehydration with selenium or platinum catalysts. Nitrogen analogues of this system also 


OH 


CH,—CH—CH, Pf. 
On CH, CH, | | 
| | CH—CH, \4 


(VIT) (VIT) 
occur in certain alkaloids of the lupinane group such as cytisine (Henry, ‘‘ The Plant 
Alkaloids,’ Churchill, London, 4th Edn., pp. 116—151)._ The structure (VI), 9-hydroxy-1- 
methyl-4 : 10-ditsopropyliricyclo[7 : 3 : 1 : 0?:7}tridec-2(7)-en-3-one, is in harmony with 
nearly all the properties of «-dipiperitone so far described. It contains a sterically 
hindered tertiary alcoholic group at a bridgehead. The «$-unsaturated carbonyl group is 
substituted as required. The double bond is tetrasubstituted and lies between two rings, 
a position well known for its inactivity [cf. lanosterol (Barton, Fawcett, and Thomas, 
J., 1951, 3147) and 1:2:3:4:46:5:6:7:8: 8a: 9: 10-dodecahydrophenanthrene 
(Durland and Adkins, J. Amer. Chem. Soc., 1938, 60, 1501)]. Bromination of «-di- 
piperitone probably occurs initially at C4), and subsequent loss of hydrogen bromide and 
aromatisation gives the phenol (XI; R =H). Further bromination leads to the para- 
substituted bromophenol (XI; R = Br). 
OH 
R CH,—C——CHPr' NaOH NaOH 
Yn CH, CH, (v1) ——> (IV) 
PA jc, 
OH Me (XI) (XIII) (XII) 


<— (IV) 


In the action of solid sodium hydroxide on «-dipiperitone we suggest that dealdolisation 
first occurs followed by hydrolysis leading to tsomenthone (XII) (isolated) and diosphenol 
(XIII), which, however, we were unable to isolate. 

The Constitution of 8-Dipiperitone—Although a complete examination of this dimer 
has not been made, there is sufficient evidence to show that it differs from «-dipiperitone 
only by epimerisation at C,,. The hydroxyl group does not react with the normal reagents, 
but a monoacetate, isomeric with the «-isomer derivative, is formed by the action of acetic 
anhydride and perchloric acid. It produces one molecule of methane in the Zerewitinoff 
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estimation. The infra-red absorption spectrum is very similar to that of the «-isomer and 
includes a band at 3436 cm."! characteristic of hydroxyl groups. 

An «$-unsaturated carbonyl group is indicated by the ultra-violet absorption spectrum 
(Fig. 2) where maxima appear at 253 (log « 3-90), and 327 my (log ¢« 2-24). These are in 
similar positions to those of the «-isomer and indicate an «3-unsaturated ketone substituted 
in the «- and both $-positions. Like the «-isomer, also, it fails to condense with benz- 
aldehyde, showing that the other group adjacent to the carbonyl] group is substituted. 

The §-isomer failed to give the normal tests for unsaturation and failed to undergo 
reduction with a palladium-charcoal or a platinum oxide catalyst and hydrogen at 3 atm. 
The presence of a double bond, however, conjugated with the carbonyl group, is evident 
from the ultra-violet absorption spectrum mentioned above. 

When distilled with solid sodium hydroxide, the §8-isomer afforded isomenthone 
similarly to the a-isomer. When treated with two atoms of bromine in acetic acid it 
undergoes dehydrogenation and aromatisation and affords the same phenol as that 
obtained by the action of bromine on the «-isomer. Further bromination likewise yields 
the same bromophenol as that produced from the a-isomer. Since the isomerism between 
the two isomers disappears in the reaction, they can differ only by the different steric 


arrangement of the tsopropyl group at C,,. 


EXPERIMENTAL 

The microanalyses are by Dr. T. S. Ma and Dr. A. D. Campbell, University of Otago, 
Dunedin. 

Isolation ané Separation of «- and 8-Dipiperitone—The crude material remaining from the 
commercial distillation of piperitone was a dark brown mass of large crystals. A preliminary 
purification from colouring matter and insoluble material was effected by crystallisation from 
alcohol or acetone. The partially purified material was then allowed to crystallise slowly from 
an acetone solution at room temperature. The large crystals so formed were hand-sorted, 
where possible, into two fractions, obviously different in crystalline shape. Material which 
could not be sorted was recrystallised, and the process repeated. The separate fractions thus 
obtained were again crystallised from acetone and hand-sorted, and the process repeated four 
times. The thin, rectangular, flat prisms of the first fraction, a-dipiperitone, were finally 
crystallised repeatedly from alcohol and then had m. p. 110°, unaltered by change of solvent 
[Found : C, 78-6, 78-6; H, 10-4, 10-5%; M (Rast), 309, 313; M (cryoscopic in benzene), 279, 
298. C,,H;,0, requires C, 79-0; H, 10-5%; M, 304. Anomalous results (618, 568, 569) were 
obtained for the molecular weight determined ebullioscopically in benzene]. 

The thick rectangular prisms of the second fraction, 8-dipiperitone, were also finally 
repeatedly crystallised from alcohol and then had m. p. 94-5°, unaltered by change of solvent 
(Found: C, 78-7, 79-0, 79-0; H, 10-4, 10-65, 10-59%; M (Rast), 295]. Consistently low carbon 
values were obtained when large crystals were used owing to the retention of water, and the 
correct result could only be obtained on the powdered material. 

Very approximately, equal amounts of the two dimers were obtained by the above process, 

a-Dipiperitone.—This isomer decomposes when heated to its b. p. at atmospheric pressure 
but sublimes unchanged at 101—104°/0-1 mm. In a Zerewitinoff determination in anisole, it 
showed 0-98 active H; pure a-dipiperitone was recovered from the reaction mixture. 

The molecular refractivity was obtained from data derived from solutions of the «-isomer in 
acetophenone. The acetophenone used had nj} 1-5310, d}® 1-023. The constants of three 
separate solutions of 0-2513, 0-7007, and 0-2001 g. in 5 c.c. of acetophenone were nj 1-5296, 
1-5282, 1-5298, and d7° 1-0319, 1-0330, 1-0250, respectively, whence the molecular refractivity 
can be calculated to be 86-94, 87-43, 86-70. These observed results, however, are not in agree- 
ment with the result calculated on assuming the presence of a double bond and an alcoholic and a 
ketonic group, as outlined on p. 3789. Increments known to occur when the double bond is in 
the a$-position to the carbonyl group do not explain these anomalous results. 

O-Acetyl-a-dipiperitone. A solution of «-dipiperitone (640 mg.) in acetic anhydride (3 c.c.) 
and concentrated perchloric acid (2 drops) was kept for 2 days. The large square plates of 
acetyl derivative that formed (up to 5 mm. in size), after repeated crystallisation from alcohol, 
had m. p. 113°, depressed to 86—96° on admixture with the starting material (Found: C, 75-7, 
75-9, 76-0; H, 9-5, 9-7, 9-5; Ac, 8-6. C,,H;,0,; requires C, 76-4; H, 9-8; lAc, 12-1%). 

Reduction with lithium aluminium hydride. a-Dipiperitone (5 g.) was added in small portions 
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to a solution of lithium aluminium hydride (1-22 g.) in dry ether (100 c.c.), a vigorous evolution 
of gas taking place at each addition. After the last addition the mixture was refluxed for 
24 hr., and the excess of hydride destroyed by addition of ether saturated with water. The 
metals were dissolved in 10% sulphuric acid (40c.c.), and the ethereal layer was separated, washed 
with alkali and water, and dried. Crystals were formed when the ether was allowed to evaporate 
at room temperature. The crude product (4-81 g.) could only be crystallised with difficulty 
from acetone or light petroleum (b. p. 40—60°) with great loss of material and, after repeated 
crystallisation from acetone, formed needles and rhombs, m. p. 87° (Found: C, 78-1; H, 10-8. 
C,H,,0. requires C, 78-5; H, 111%). The resulting diol is insoluble in water but very 
soluble in organic solvents. It decomposed on attempted acetylation with acetic anhydride and 
perchloric acid, and when acetylated with acetic anhydride and pyridine at the b. p. it formed a 
viscous oil which could not be crystallised. 

Hydrogenation of a-Diptperitone.—a-Dipiperitone (2 g.) in cyclohexane (40 c.c.) was 
hydrogenated with a Raney nickel catalyst (0-5 g.; Homer and Pavlic, J. Amer. Chem. Soc., 
1946, 68, 1471) at 2660 Ib./sq. in. at 250° for 3 hr. The colourless, somewhat viscous liquid, 
obtained after removal of the catalyst and the solvent, was distilled in a micro-column. The 
four fractions collected had approximately the same refractive index, nj 14918, and were 
homogeneous (Found: C, 86-8; H, 13-1. CyoH 3,5 requires C, 87:0; H, 13-0%). 

Action of Sodium Hydroxide on a-Dipiperitone.—The «-isomer (5 g.) was gradually fused with 
sodium hydroxide (2 g.) and vacuum-distilled directly from the alkali. The main product 
(3:55 g.) had b. p. 138°/55 mm. and was identified as (--)-7somenthone by preparation of the 
2: 4-dinitrophenylhydrazone, m. p. 145°. The m. p. was sharply depressed by the corre- 
sponding menthone derivative of the same m. p. (Allen, J. Amer. Chem. Soc., 1930, 52, 2955) but 
undepressed by a sample of the 2: 4-dinitrophenylhydrazone of (--)-7somenthone of the same 
m. p. The csomenthone used for this purpose was prepared according to Read and Cook (/., 
1925, 127, 2782). From the yield of the 2: 4-dinitrophenylhydrazone, 38% of zsomenthone 
was produced in the above reaction. The residue from the distillation was steam-distilled and 
gave a little more isomenthone. It still contained unchanged dimer which was removed by 
ether. The aqueous layer was again steam-distilled after acidification with sulphuric acid but 
the odoriferous volatile product was too small for characterisation, 

Action of Bromine on a-Dipiperitone.—(a) Two atoms per mole. Bromine (0-934 g., 1 mol.) 
in glacial acetic acid (10 c.c.) was added to «-dipiperitone (1-7784 g., 1 mol.) in the same solvent 
(25 c.c.). Even the first drop was decolorised slowly but the solution was completely colourless 
in 24 hr. and then fumed in moist air. The colourless product (1-68 g.) formed on pouring of 
the mixture into water (100 c.c.) was washed with sodium hydrogen carbonate solution and 
water and crystallised five times from alcohol. It then formed rectangular plates, m. p. 136°, 
which gave a deep orange colour with tetranitromethane [Found : C, 78:9; H, 9-994; AZ (Rast), 
302. CoH 5,0, requires C, 79-6; H, 9-9%; M, 302]. 

(b) Four atoms per mole. Bromine (1-24 g., 1 mol.) was added to a solution of «-di- 
piperitone (2-36 g., 1 mol.) in glacial acetic acid (30c.c.)._ Decolorisation occurred after 2 hr.’ 
stirring at room temperature. Further bromine (1-24 g., 1 mol.) in glacial acetic acid (20 c.c.) 
was then added, and the mixture stirred for }$ hr. and set aside for 24 hr., decolorisation then 
being complete. The bromo-phenol obtained when the mixture was poured into water (200 c.c.), 
after three crystallisations from alcohol, formed colourless needles, m. p. 154° (Found: C, 63-1; 
H, 8:5; Br, 20-9. C,,H,,.O,Br requires C, 63-0; H, 7:8; Br, 21-:0%). 

Selenium Dehydrogenation of «-Dipiperitone.—a-Dipiperitone (10 g.) and selenium (30 g.) were 
intimately mixed and heated under a reflux condenser for 4 hr. at 320°. The black oil yielded 
to ether, after appropriate washing, a greenish-yellow viscous oil which was distilled in a micro- 
column (Craig, Ind. Eng. Chem., Anal., 1936, 8, 219). Three yellow, viscous, fractions were 
collected but they showed little difference in physical properties: (1) b. p. 312—318°, n? 1-5330, 
ni? 15361, dj®* 1-0175; (2) b. p. 314-—320°, n? 1-5330, n}F*> 1-5359, d}7> 1-0156; (3) b. p. 
328°, nj; 1-5339 [Found, in fraction (2): C, 77-4; H,9-7. Calc. forC,,H,,O,: C, 77-5; H, 9-7%]}. 

Boiling with chloranil in xylene solution for 2 hr. caused dehydrogenation, as judged by the 
separation of the quinol, but the brownish-black, semi-solid product did not crystallise. 

6-Dipiperitone.—This isomer is somewhat more soluble than the «-isomer in organic solvents. 
It can be sublimed unchanged under reduced pressure. It gives no reaction with m-dinitro- 
benzene and potassium hydroxide, antimony trichloride, or tetranitromethane. Zerewitinoff 
determinations in anisole showed 1-3, 1-11, and 0-97 active H. 

O-A cetyl-B-diptperitone.—A solution of the B-dimer (1 g.) in acetic anhydride (3 c.c.) and 


t 


concentrated perchloric acid (2 drops) was kept for 24 hr. Water was added to promote 
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crystallisation, and after recrystallisation from alcohol the acety! derivative separated in needles, 
m. p. 99° (Found : C, 76:4; H, 9-4; Ac, 10-1. C,,H ,O, requires C, 76-3; H, 9-8; lAc, 12-49). 

Action of Sodium Hydroxide on 8-Dipiperitone.—By treating the 8-dimer (2 g.) similarly to 
the «-dimer (see p. 3794), 1-30 g. of distilled liquid were obtained, identified as (-{-)-isomenthone 
by preparation of the 2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p. 145°. 

Action of Bromine on 8-Dipiperitone.—(a) Two atoms per mole. Bromine reacted with 8-di- 
piperitone similarly to the a-isomer yielding the same product, m. p. and mixed m. p. with the 
phenol obtained from the «-isomer, 136°. 

(b) Four atoms per mole. The same bromophenol, m. p. and mixed m. p. 154°, was obtained 
as from the a-isomer under similar conditions. 

Isomerisation of «- and B-Dipiperitone.—(a) With glacial acetic acid. «-Dipiperitone (500 mg.) 
was heated in boiling glacial acetic acid (5 c.c.) for 10 hr., and the mixture poured into water 
(50 c.c.).. The product on crystallisation from alcohol gave a first crop of unchanged a-dimer, 
but from the mother-liquor the two obviously different crystalline forms of «- and 8-dipiperitone 
separated out and were hand-sorted. The thin, rectangular, flat prisms had m. p. 103° raised 
to 106° on admixture with a-dipiperitone. The thick rectangular prisms had m. p. 89°, raised 
to 92° on admixture with @-dipiperitone. Other experiments gave the eutectic, m. p. 84°. 

In a similar experiment with anhydrous formic acid, designed to dehydrate «-dipiperitone, 
the «-isomer and the eutectic, m. p. 84°, undepressed by the product above, were recovered. 

8-Dipiperitone, when treated similarly with boiling glacial acetic acid, gave mainly the 8- 
isomer as the first crop on crystallisation from alcohol, but from the mother-liquors the two 
different crystalline forms of «- and $-dipiperitone separated and were hand-sorted; they had 
(z) m. p. 105° and mixed m. p. 109°, and (8) m. p. 88° and mixed m. p. 92°. 

(b) With 5% alcoholic sodium hydroxide. «-Dipiperitone (500 mg.) was heated in alcoholic 
sodium hydroxide (500 mg. in 10 c.c.) for 1 hr. at 50°, and the solution poured into water 
(100 c.c.). The product, on crystallisation from alcohol, gave mainly the unchanged material 
in the first crop but from the mother-liquor the two obviously different crystalline forms of the 
x- and $-isomers separated, having m. p.s almost identical with those obtained from acid 
isomerisation, and raised in m. p. on admixture with the respective isomers. 

In further experiments, fractional crystallisation of the product from aqueous alcohol (1 : 1) 
yielded the «-isomer, m. p. 110—112°, and the eutectic, m. p. 83—84°. 

8-Dipiperitone, on similar treatment, also afforded a mixture of a- and §-dipiperitone, m. p.s 
88° and 104° respectively, raised in m. p. on admixture with the respective isomers. 

Thermal Phase Diagram for «- and 8-Dipiperitone.—Mixtures of a- and $-dipiperitones with 
the following proportions of the $-isomer were finely ground in a mortar and heated in m. p. 
tubes, and the temperatures were recorded at which the last crystals disappeared on melting : 
78%, m. p. 89°; 59%, m. p. 84°; 50%, m. p. 87-5°; 43%, m. p. 91°; 19%, m. p. 102°. From 
these results Fig. 1 was constructed. 

Ultra-violet Spectra.—These spectra (see Fig. 2) were measured in a Beckman spectro- 
photometer, model DU, ca. 0-01% alcoholic solutions being used. 

Infra-red Spectra.—We are indebted to Dr. B. Cleverley for the following spectra determined 
in a Beckman spectrophotometer, model IR2, with rock-salt optics (s = strong, m = medium, 
w = weak, vw = very weak, i = inflexion) : 

a- and B-Dipiperitone (8 in parentheses). Measurements were made on powdered form only : 
3413 (3436) w, 2933 (2933) m, 2865 m (2874 w), 1618 s (1629 m), 1597 m (1587 w), 1447 
(1443) m, 1401 (1404) w, 1359 (1351) m, 1332 (1328) vw, 1304 w (1300 m), 1248s (1250 m), 1221s 
(1217 m), 1178 (1172) w, 1148 (1145) w, 1117 (1116) w, 1075 (1083) w, 1054 (1048) m, 1040 w 
(1036 m), —— (1008 w), 983 (980) w, 962 (962) w, 942 (939) w, 902 (918) w, 887 (895) w, 868 
(868) w 854 (854) w, 836 (834) w, 806 (803) w, 797 (794) w, 769 (765) w, 740 (740) w. 

Piperitone. Liquid: 3571s, 3367 w, 2967 s, 2899 s, 2755 w, 2681 w, 2532 w, 1667s, 1637 s, 
1443 s, 1377s, 1851 s, 1314s, 1289 i, 1269 i, 1253s, 1209s, 11961, 1174s, 1149 i, 1134 s, 1104 s, 
1075 w, 1047 i, 1024s, 991 s, 966 m, 927s, 894s, 875s, 851 s, 818s, 789s, 761 s, 

Acetylated «- and 8-dipiperitone (8 in paretheses). Powder form: 2950 (2941) s, 2882 s ——, 
1718 (1724) s, 1664 (1653) s, 1616s (1608 m), 1451 s (1447 m), 1427 s --—, ——— 1379 m, 1360 
(1355) s, 1318 (1319) m, ——— 1284 m, 1255 (1247) s, 1224 (1220) s, 1178 (1171) m, 1145 m (11431), 
~—— 1127 i, 1115 (1100) w, 1104 (1100) w, 1086 vw ~, 1054 w ———, 1036 s (1026 w), 1018s 
(1010 m), 1007 s ——, 964 (962) m, 937 (938) m, 918 (916) w, 897 (896) w, 873 (880) w, 858 (869) 
w, 825 m, (821 w), 804 m (806 w), 769 (769) w, 740 w (751 m). 

Lithtwm aluminium hydride reduction product of 2-dipiperitone. Nujol mull: 3521 w, 1290 w, 
1239 w, 1178 w, 1130 w, 10591, 1036 w, 1005 w, 974 m, 962 w, 938 m, 892 w, 775 w, 760 w. 
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Raney nickel reduction product of «-dipiperitone. Liquid: 3195 w, 2915 s, 1460s, 1381 s, 
1368 s, 1292 w, 1266 w, 1244 w, 1218 w, 1182 i, 1168s, 1116 w, 1100 vw, 1072 vw, 1032 2, 994 m, 
971 w, 952 w, 920 m, 902 vw, 866 m, 852 m. 

Phenol from a-dipiperitone by dehydrogenation with bromine. Nujol mull over the whole 
range, and powder where the Nujol interfered: 3289s, 3185 s, 2933 s, 1629 s, 1456s, 1418 s, 
1335 m, 1366s, 1381 s, 1311 w, 1253 m, 1222 w, 1182 w, 1151 w, 1122 w, 1081 w, 1056 m, 1035 w, 
1010 m, 985 m, 964 w, 946 w, 926 w, 905 w, 889 w, 851 w, 836 w, 812 w, 801 w, 774m, 740 w. 
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776. Isolation of a New Plant-growth Hormone, 
3-Indolylacetonitrile. 
By H. B. Hensest, E. R. H. Jones, and G. F. Smita. 


3-Indolylacetonitrile, appreciably more active than the corresponding 
acid in Avena cell-elongation tests, is present in about 0-0002% in cabbage, 
and has been isolated (crystalline) by employing partition and chromato- 
graphic techniques. This is the first isolation of a growth hormone from the 
leaves and stems of actively growing higher plants. A preliminary account 
of this work has already been published (Nature, 1952, 169, 485). 


NATURALLY occurring plant-growth hormones, which have been isolated in a pure form, are 
auxin-a and auxin-b from urine, maize oil, and malt (Kégl, Erxleben, and Haagen-Smit, 
Z. physiol. Chem., 1933, 214, 241; 1934, 225, 215), and 3-indolylacetic acid (heteroauxin) 
from urine (idem, ibid., 1934, 228, 90; Haagen-Smit, Leech, and Bergren, Amer. J. Bot., 


1942, 29, 500), yeast (K6gl and Kostermans, Z. physiol. Chem., 1934, 228, 113), unripe 
maize kernels (Haagen-Smit, Dandliker, Wittwer, and Murneek, Amer. J. Bot., 1946, 
33, 118), and dormant mature maize after alkaline hydrolysis (Berger and Avery, ibid., 
1944, 31, 199). The great importance of auxins-a and -b makes a repetition of their isol- 
ation and a further investigation of their properties very desirable, expecially in view of 
the reports (Kégl, Naturwiss., 1942, 30, 395: Haagen-Smit et al., loc. ctt., 1942) of failure 
of more recent attempts to repeat the isolation of these two compounds. 

Researches on acetylenic compounds in these laboratories led to the realisation of a 
series of reactions making possible a synthesis of 8-keto-3-lactones, and therefore of auxin-b 
analogues. The cyclopentenyl analogue of auxin-b lactone was synthesised (Brown, 
Henbest, and Jones, J., 1950, 3634); it was also independently synthesised by a differer.t 
route by Kégl and de Bruin (Rec. Trav. chim., 1950, 69, 729). 

From a study of the chemical properties of the cyclopentenyl analogue (in particular 
its stability in the lactone form), we concluded that the open-chain side-chain structure 
proposed by Kégl and his collaborators for auxin-b could not be correct. Since the syn- 
thesis of the proposed structure presents stereochemical problems of some magnitude, it 
was decided to reinvestigate the isolation of natural plant-growth hormones and, if auxin-b 
was rediscovered, to examine further the chemical evidence for its structure. 

Our investigations have been made in collaboration with Dr. Joyce A. Bentley of the 
Botany Department of this University, who informed us that ethereal extracts of brussels 
sprouts were very rich in plant-growth hormone, as measured by the straight-growth 
Avena test (Bentley, J. Exp. Bot., 1950, 1, 201). It was soon found that nearly all the 
activity in this plant material resided in the ether-soluble neutral fraction, and that the 
corresponding acid fraction, which might have been expected to contain 3-indolylacetic 
acid and auxins-a and -b, exhibited almost negligible activity.* 


* Unless stated otherwise, ‘‘ activity ”’ refers to the Avena straight-growth test. 
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It was therefore decided to concentrate upon the isolation of the hormone present in 
the neutral portion, and the following technique was adopted in order to reduce the risk 
of enzymic formation of artefacts during the first extraction stage. The plant material 
was frozen in solid carbon dioxide as soon as possible after harvesting, crushed, and extracted 
at 0—2° with ether or carbon tetrachloride. The hormone in such extracts was concen- 
trated by partition between 90°% aqueous methanol and light petroleum, all the activity 
passing into the aqueous-methanol layer. Further concentration was achieved by 
chromatography on alumina; dry ether eluted waxy materials first, followed by active 
fractions, and the green pigments remained strongly absorbed on the column. This 
concentrate was used in a number of experiments.(Table) designed to give some information 
on the chemical nature of the hormone. 

Activity of : 
Experiment neutral hormone 3-indolylacetic acid 

» Distillation at 00° /10 mimi. <.6..0c0 ses cedcvwences Retained _ 

2. WMROT GE RUE [eae is ccacsnsesssnnteccesnaeees Retained Retained 


3. N-NaOH at HOO°/Ng/1 br. .........cccscccceccoseceee 20% retained in acid Retained 
fraction 
10% KOH-—MeOH at 20°/45 hr. ............. ; Retained — 
®. N=FE,SO, at FOR" aie o.oo cs dic scn sce sce. Ketained Lost 
N-H,SO, at 100°/N,/30 min. , Retained 50°, retained 
. Satd. Aq. NaHSO, : Retained in non- — 
arbonyl fraction 
. Semicarbazide acetate at 20°/24 hr... Retained — 
ERATE Tee inc sda voce vnsesscsetebie stwssecs: Lost — 
. Zn-Cu couple in aq. HCl at 20°/4 hr. ............ Lost Lost 
. 0-02N-HNO, (aq.) a6 20° /E Dr. 5.0... csssseee. Retained Lost 
2. 0:1% H,O, (aq.) at 20°/24 hr. .............. 4) Lost Lost 


It soon became evident that the hormone was an indole compound, for the ultra-violet 
light absorption of concentrates was similar to that of 3-indolylacetic acid. The stability 
of the hormone (cf. experiments 4, 5, 6), as well as its high biological activity, showed that 
it could not be 3-indolylacetaldehyde (Brown, Henbest, and Jones, J., 1952, 3172). 

Further chromatography of the neutral hormone concentrates from brussels sprouts 
yielded colourless viscous liquid fractions exhibiting activities much greater than that of 
3-indolylacetic acid. On the assumption that the molecular weight was of the order of 
200, analysis of the most active fraction showed that the molecule probably contained two 
nitrogen atoms. 

At this stage it was found that cabbage contains an equally high concentration of hormone 
which did not appear to differ from that present in brussels sprouts. It was therefore used 
in subsequent work since it is a more convenient raw material for large-scale extractions. 
Further work (with Dr. S. Dunstan) has shown that extracts from other members of the 
Cruciferae family (radish, cauliflower, swede, and turnip) also yield neutral fractions of 
high activity. The hormone content of cabbage and closely related plants had been 
investigated previously (cf. Avery, Berger, and White, Amer. J. Bot., 1945, 32, 188; Linser, 
Planta, 1940, 31, 49; 1951, 39, 377). Linser demonstrated the presence of two hormones 
in broccoli, one of which was only weakly absorbed on alumina from ethanol and is 
probably identical with the neutral hormone encountered in the present investigation. 

After several preliminary extractions, 500 kg. of cabbage were harvested, immediately 
frozen and powdered, and extracted with carbon tetrachloride at 0—2°. We are much 
indebted to Drs. W. A. Sexton and T. P. Metcalfe, of Imperial Chemical Industries Limited, 
for assistance in this large-scale extraction. The subsequent isolation is described in 
detail in the experimental section. A crystalline picrate was eventually obtained, from 
which the neutral hormone could be recovered quantitatively by chromatography on 
gypsum with ether as the eluting solvent. The nature of the substituent group present 
was suggested by the infra-red spectrum (see Figure) which showed a marked peak at 
2255 cm.~! indicative of a nitrile grouping (Kiston and Griffith, Analyt. Chem., 1952, 24, 
334) and, in addition, a number of peaks characteristic of 3-substituted indoles (Brown 
et al., loc. cit., 1952). Subsequent work revealed the neutral hormone to be 3-indolyl- 
acetonitrile. In view of the small quantities of pure natural material available, normal 
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degradative experiments were avoided. Once, however, infra-red and ultra-violet spectra 
and mixed melting-point determinations with the picrate had practically established the 
identity of the natural material with the synthetic nitrile, additional chemical evidence 
was obtained by reduction of the natural material to tryptamine with lithium aluminium 
hydride and conversion into 3-indolylacetic acid by alkaline hydrolysis. The synthetic 
nitrile was eventually obtained crystalline, m. p. 36—36-5°; hitherto it had only been 
obtained as an oil. Seeding with this product induced the “ natural ”’ nitrile to crystallise 
(m. p. 34:5—36°). 
It is difficult to estimate accurately the amount of nitrile present in the original plant 
material, but 915 mg. of very active product were isolated from 500 kg. of cabbage. This 
probably contained 400—700 mg. of the nitrile, the variation in the biological assays 
making a more exact estimate impossible. 

There are not many reports of the isolation of nitriles from plants. Phenylacetonitrile, 
a close analogue of indolylacetonitrile, was isolated from several species in relatively high 
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yield (cf. Hofmann, Ber., 1874, 7, 518, 520, 1293). Subsequent work demonstrated the 
phenylacetonitrile to be an artefact produced (together with the tsothiocyanate) by the 
decomposition of glycosidic compounds (e.g., glyconasturtin) during the steam-distillation 
(Gadamer, Ber., 1899, 32, 2335; Bottomley and White, Roy. Austral. Chem. Inst. J. & 
Proc., 1950, 17, 31). Another nitrile that has been isolated (from black mustard seed) is 
allyl cyanide, also structurally related to 3-indolylacetonitrile, and again it was an artefact 
produced by the decomposition of a precursor (sinigrin) (Will and Korner, Annalen, 1863, 
125, 277; Heérissey and Boivin, Bull. Soc. Chim. biol., 1927, 9, 947). We believe that the 
precautions taken in the present work to avoid enzymic or chemical changes during 
isolation rule out any possibility of indolylacetonitrile being similarly an artefact. 

The isolation of ethyl 3-indolylacetate by ethanol-extraction of immature maize kernels 
in the relatively high yield of 50 mg. from 10 kg. of fresh plant material (Redemann, 
Wittwer, and Sell, Arch. Biochem. Biophys., 1951, 32, 80) is of great interest. The possi- 
bility of its being an artefact produced during the ethanol-extraction ought, however, to be 
investigated. Experiments carried out in this laboratory indicate that the nitrile does not 
react with ethanol 7» vitro either in neutral solution or in the presence of small concentra- 
tions of mineral acid over periods of up to a week. Conversion of the nitrile into the 
ethyl ester thus appears to be ruled out—however, enzymic catalysis of this conversion 
may take place in the presence of plant tissue. 

The resistance of 3-indolylacetonitrile to hot dilute mineral acid in the presence or 
absence of oxygen (cf. expts. 5 and 6 in the Table) is noteworthy, in view of the general 
statements that are made about the instability of indole compounds under such conditions, 
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In this, the nitrile differs markedly from 3-indolylacetic acid, for the latter is unstable 
to mineral acid, especially when oxygen is also present. Dilute aqueous solutions of the 
nitrile have also been observed to be very stable, again in contrast with aqueous solutions 
of the acid, which slowly decompose. 

A summary of the biological properties of 3-indolylacetonitrile has been given in our 
preliminary article (Nature, loc. cit.); more detailed treatments are given by Bentley and 
Housley (J. Expt. Bot., 1952, 3, 393) and by Bentley and Bickle (:bid, p. 406). By suitable 
paper chromatographic methods, 3-indolylacetonitrile is readily separated from 3-indolyl- 
acetic acid, and the use of such methods has suggested that the nitrile is present in small 
amounts in plants other than those of the Cruciferae family (Bennet-Clark, Tambiah, and 
Kefford, Nature, 1952, 169, 452; Bennet-Clark and Kefford, zdtd., 1953, 171. 645; Luck- 
will, 1bid., 1952, 167, 375; von Denffer, Behrens, and Fischer, Naturwiss., 1952, 39, 550). 

EXPERIMENTAL 

All the work except where stated was carried out at ca. —5° inacoldroom. Light petroleum 
(b. p. 60—80°) was purified by shaking it with concentrated sulphuric acid. Methanol was 
freed from formaldehyde by refluxing it over freshly precipitated silver oxide. A mixture of 
one volume of water and nine of methanol was used in the partitions. Ether was dried over 
sodium for not less than 4 weeks and distilled just before use. The absorbent was prepared by 
crushing pure mineral gypsum, passing it through a 90-mesh sieve, and heating it at 150° for 
5 hr. All evaporations were carried out under reduced pressure (water-pump), the residues 
never being heated above 30° to avoid decomposition risks. M. p.s were determined on a 
Kofler block. In this section, IAA refers to 3-indolylacetic acid, and IAN to 3-indolylaceto- 
nitrile. 

Isolation of 3-Indolylacetonitrile-—After much preliminary work with similar batches of 
brussels sprouts and cabbage, the following procedure was used for the main extraction. 

Cabbages (var. Ist Early Market) were picked (end of June 1951), the outer green leaves 
discarded, and the centres (approx. 500 kg.) immediately packed in drums with crushed solid 
carbon dioxide contained in small paper bags (in order to obviate contamination with the small 
amounts of mineral oil in the carbon dioxide). After 3 hr. the frozen material was crushed 
in a large, pre-cooled, stone, roller mill. Partial thawing occurred towards the end of the 
crushing process but the temperature of the material was still well below 0° when it was intro- 
duced into a large vat containing pre-cooled carbon tetrachloride (pure commercial grade, 
ca. 750 1.). The mixture was pummelled and stirred at between —2° and 2° (10 hr.). The 
filtered carbon tetrachloride extract (ca. 650 1.; activity equiv. to 9—12-5 g. of IAA) was 
evaporated to 25 1. (= 5 g. of IAA), and then to 1-5 1. (=3-5 g. of IAA: it must be noted, 
however, that at a later stage in the isolation, the total activity was equivalent to 4-8—6-0 g. 
of IAA). 

The dark viscous concentrate was worked up in two portions: A, approx. one-third (IAN 
picrate isolated), and B (two-thirds) from which pure IAN was obtained. 

Portion A. This was divided into two portions for partition. Each half was dissolved 
in light petroleum (1 1.) and the dark solution, which contained much suspended material, was 
extracted with 90% methanol (1 1.). Of the three layers which formed, the lower clear dark 
methanol layer was run off; the next, an emulsion of light petroleum and methanol containing 
the insoluble material, was filtered, the filtrate separating into two layers of which the lower was 
added to the main methanol extract. The combined methanol solutions were washed with 
light petroleum (250c.c.) and evaporated. The (wet) syrup was thoroughly extracted with ether, 
and the extracts were dried (Na,SO,). The two portions (I and II) were chromatographed 
separately on alumina (P. Spence, grade H): I (15 x 6-5 cm.) (a) (ether 750 c.c.), 75 mg.; (b) 
(900 c.c. of ether + 23% of methanol) 120 mg.; (c) (350 c.c. of ether + 2}$% of methanol), 
590 mg.; (d) (180 c.c. of ether + 2$% of methanol), 62 mg.; (e) (methanol 500 c.c.), 210 mg. : 
II (13 x 6-5 cm.) (a) (ether 400 c.c.), 50 mg.; (5) (500 c.c. of ether + 2% of methanol), 205 
mg.; (c) (130c.c. of ether + 2% of methanol), 695 mg.; (d) (270c.c. of ether + 2% of methanol), 
130 mg. The majority of the activity was to be found in (the 2) fractions (c), which were there- 
fore combined and chromatographed on activated gypsum (12 x 5 cm.), with ether as eluting 
solvent : (i) (140c.c.) 29 mg. (inactive); (ii) (40c.c.) 222 mg. (=1675 mg. of IAA); (iii) (75¢.c.) 
139 mg. (= 630 mg. of IAA); (iv) (40 c.c.) 46 mg. (= 160 mg. of IAA); (v) (190 c.c.) 106 mg 

= 190 mg. of IAA). Fraction (iii) was dissolved in methanol (10 c.c.) and gradually treated 
with water (10 c.c.). The precipitated material (inactive) was filtered off and the filtrate was 
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freed from methanol by warming under reduced pressure and then extracted with ether. This 
yielded a syrup (112 mg.) which in methanol was treated with picric acid. The dark solution 
deposited orange prisms (33 mg.), m. p. 120—129-5°, on cooling. The mother-liquor was evapor- 
ated and the residue crystallised from benzene (3 c.c.), to give sheaves of orange needles (59 
mg.), m. p. 122—129°. The benzene mother-liquor was evaporated and the residue introduced 
on to gypsum (9 x 2:7.cm.) from ether. The picric acid was adsorbed strongly and the eluate 
yielded a pale brown syrup (57 mg.), which in benzene (1 c.c.) was treated with picric acid (65 
mg.), to yield a picrate (75 mg.), m. p. 122—129°. The mother-liquor on being treated with 
light petroleum (2 c.c.) yielded a dark brown crystalline podwer (17 mg.), m. p. 121—128°, 
sintering at 117°. (The total weight of impure picrate was 184 mg., which corresponds to 75 
mg. of IAN.) 

Fraction (ii) in methanol was treated slowly with water (10 c.c.). The gum (inactive) was 
separated and the filtrate evaporated to a yellow syrup (124 mg.; =580mg.ofIAA). This was 
dissolved in benzene (3-5 c.c.), and picric acid (145 mg.) added: the very dark solution yielded 
impure picrate (117 mg.), m. p. 116—129°; a second crop (23 mg.) obtained by addition of 
light petroleum (2 c.c.) had m. p. 114—125° (total weight of impure picrate: 140 mg. corre- 
sponding to 57mg. of IAN). Crystallisation from benzene gave the pure picrate, m. p. 125—129° 
(Found : C, 49:6; H, 3:0; N, 17-55. Calc. forC,~H,N,,C,H,O,N;: C, 49-8; H, 2:9; N, 18-2%). 
Ultra-violet spectrum (in ethanol) of material recovered from picrate: Max. 2190, 2710, 2790, 
and 2890 A: e = 33,700, 6200, 6250, and 5100 respectively. Majima and Kotake (Ber., 1925, 
58, 2042) give m. p. 127—-128° for the picrate. 


Summary of extraction. 
Cabbage (500 kg.) —-> Extract (1-5 1.) 
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Pipes ee ee ee ee 54 ee ee 
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Portion A (}) Portion B (§) 
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Petroleum-sol. (inactive) MeOH-sol. 
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Adsorbed (inactive) Not adsorbed 
‘oar 
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(a) 10 mg. (b) 1160 mg. (c) 260 mg. (d) 126 mg. (e) Adsorbed 
(inactive) a (inactive) 
Aq | Me¢ HH 
a Y Y Y 
Insol Sol., Sol., 260 mg. Insol. 
(inactive) 800 mg. (2:7 IAA) (inactive) 


Aq.|MeOH 
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(a + b) 310 mg. (c) 190 mg. (d) 219 mg. (e) 25 mg. Res. 
(nearly inactive) (1-8 IAA) (5 TAA) (very active) (inactive 
| Gypsum 
Le Picric Y 

IAN picrate (201 mg.) <————— 202 mg. 

m. p. 125—129° acid 

Aq. | NaOH 
Y 

IAN, syrup (79-5 mg.) —> Cryst., m. p. 34:5—36° 


Portion B. The partition was carried out as described for portion A. The ethereal solutions 
were combined and passed on to alumina (P. Spence, grade H: 10 x 5cm.). Elution with 
24% of methanol in ether (1 1.) gave material (2—2-5 g.) which was dissolved in ether and chro- 
matographed on gypsum (ether elution). Four fractions were collected: (a) (170 c.c.) 10 mg. 
(inactive) ; (b) (110 c.c.) 1-16 g. (=450 mg. of IAA); (c) (150 c.c.) 260 mg. (= 1460 mg. of IAA) ; 
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(d) (180 c.c.) 126 mg. (= 180 mg. of IAA). Fractions (c) and (d) were combined and dissolved 
in methanol (12 c.c.), and water (8 c.c.) was gradually added. The partly crystalline precipitate 
(inactive) was filtered off and the filtrate evaporated to a syrup (260 mg.; =700 mg. of IAA). 
Fraction (b) was dissolved in methanol (75 c.c.) and treated with water (50 c.c.); the mixture 
was left for 30 min. at —5°, and then filtered. The resinous precipitate (243 mg.) had low activity 
(12-5 mg. of IAA); the filtrate was evaporated and a pale reddish-brown oil was obtained 
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(803 mg., =2000 mg. of IAA). This material was rechromatographed on gypsum (21 X 2:7 
cm.) with ether as eluting solvent. Five fractions were collected : (i) (60c.c.) 26 mg.; (ii) (12 c.c.) 
283 mg. (i + ii =19 mg. of IAA); (iii) (22 c.c.) 190 mg. (=340 mg. of LAA); (iv) (250 c.c.) 
219 mg. (=1000 mg. of IAA); (v) (200 c.c.) 25 mg. (=290 mg. of IAA). Fraction (iv), which 
had darkened on being kept even at —5°, was passed through gypsum (10 g.) withether. The 
yellow syrup thus obtained (201 mg.) was dissolved in ethanol (2-5 c.c.) and treated with picric 
acid (250 mg.). The whole was warmed until a clear solution was obtained and the crystals 
which separated on cooling had m. p. 124—130° (307 mg., corresponding to 125 mg. of IAN). 
It was recrystallised from ethanol (2-5 c.c.), to yield a product (249 mg.), m. p. 125—129°. 
This m. p. was unchanged by a further crystallisation from ethanol (2 c.c.) which yielded beauti- 
ful orange prisms (201 mg.). This material was decomposed as rapidly as possible between 
aqueous sodium hydroxide and ether, and the ethereal layer after having been twice washed 
with water, was dried and passed through gypsum (2 x 1-5 cm.) by means of ether. A red 
ring formed at the top of the column and the eluate yielded a colourless syrup (79-5 mg.), which 
was distilled in a short-path apparatus at 10° mm. and a bath-temperature of 90° on to a surface 
cooled by acetone-solid carbon dioxide (Found: C, 76-4; H, 5-15. Calc. for C,)H,N,: C, 
76:9; H, 5-15%). 

The remainder of the distilled natural product was dissolved in ether (1 c.c.) at —5°, light 
petroleum was added to incipient turbidity, and the solution seeded with synthetic IAN. Light 
petroleum was added at intervals until altogether 5 c.c. had been added. The colourless product 
(25 mg.) which crystallised melted between 35° and 80°, most being liquid at 36°. The mother- 
liquor yielded colourless crystals (13-5 mg.), m. p. 29---35-5°, mostly from 33°. The infra-red 
spectrum of the latter material (after short-path distillation at 10> mm.) was identical with 
that of synthetic 3-indolylacetonitrile. The compound was recovered from the infra-red 
examination, and crystallised from ether-light petroleum, to afford crystals, m. p. 34-5—36°, 
undepressed on admixture with synthetic nitrile. 

Synthetic 3-Indolylacetonitrile—Gramine (33-5 g.) in methanol (500 c.c.) was treated with 
potassium cyanide (25 g.) dissolved in water (50 c.c.). Methyl iodide (65 g.) was then added 
slowly, at <35°. The solution was kept at 20° overnight, most of the methanol was removed 
by evaporation under reduced pressure, and the nitrile was extracted with ether. The ethereal 
layer was washed with water, dilute sulphuric acid (some viscous red material separated), and 
sodium hydrogen carbonate solution, and dried (Na,SO,). The nitrile was distilled, to give 
24 g., b. p. 157°/0:05 mm. It solidified at 0°, and crystallisation from ether-light petroleum 
gave prisms, m. p. 36—-36-5° (Found: C, 76:6; H, 5-1%). Ultra-violet absorption (in 95% 
EtOH): Max., 2190, 2730, 2790, and 2880 A; ¢ = 35,300, 6000, 6100, and 4800 respectively : 
Min., 2410, 2750, and 2860 A; e¢ = 1700, 5900, and 4600 respectively. Infra-red spectrum 
(liquid film, cf. Figure) : strong peaks at 3430 (NH), 2255 (CN), 1620, 1461, 1425, 1360, 1340, 
1230, 1095, 1010, 770, and 740 cm.*}, 
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The Preparation and Structure of Some Derivatives of 
3-Hydroxypyrrole. 
By J. DAvoLt. 

2 : 5-Dimethyl-4-oxo-1-phenyl-A?-pyrroline is prepared by decarboxyl- 
ation of its 3-carboxylic acid, and also by condensation of aniline with 
3-hydroxyhexane-2 ; 5-dione. Air or potassium ferricyanide oxidises it to 
5-hydroxy-2 : 5-dimethyl-4-oxo-1-phenyl-A*-pyrroline. It is shown from a 
consideration of spectral and chemical properties that most derivatives of 
3-hydroxypyrrole exist in the oxopyrroline form; however, derivatives of 
3-hydroxy-1-phenylpyrrole in which the «-positions are unsubstituted so that 
interannular conjugation is possible, appear to exist in the enolic hydroxy- 
pyrrole form. 


Gros and ANKLI have recently (Helv. Chim. Acta, 1949, 32, 2010) shown that most of the 
compounds previously described as 2-hydroxypyrroles (as, for example, in Fischer and 
Orth, ‘‘ Die Chemie des Pyrrols,’’ Akad. Verlags’ G.m.b.H., Leipzig, 1934, Vol. I, p. 125) 
are better formulated as 5-oxo-A?-pyrrolines. It would be expected, in view of the general 
chemical similarity between the «- and the §-positions in pyrrole, that derivatives of 
3-hydroxypyrrole (I) would tend to exist in the 4-oxo-A?-pyrroline form (II), and the 
present communication is concerned with the preparation and properties of a relatively 
simple derivative of 3-hydroxypyrrole, and with the structure of some previously known 
derivatives of this compound. 

In view of the evidence set out below, it is considered that the reactions of most of 
these compounds are best represented by the oxopyrroline structure (II), and, with one or 
two exceptions, this formulation will be used in the following account. 

It was desired to study a 3-hydroxypyrrole in which the disturbing effects of other 
functional groups (e.g., alkoxycarbonyl) were absent. Among the few such compounds 
known are 3-hydroxy-1 : 2: 4-tri- (Widman and Almstrém, Annalen, 1913, 400, 86) and 
3-hydroxy-2 : 5-di-phenylpyrrole (von Meyer, J. pr. Chem., 1914, 90, 1); but the properties 
of these compounds do not give a clear indication as to which of their possible tautomeric 
forms is the more stable, and attention was turned to the preparation of a less heavily 
substituted 3-hydroxypyrrole. 


a“ — 0 10,0) — — — 
[ le ( IH, R Niel Bs itt OH HO,¢ 
N N N N 
H H H Ph 
(1) (IT) (IIT) (IV) 

The most obvious approach to such a compound was by decarboxylation of one of the 
readily available 4-oxo-A*-pyrroline-3-carboxylic acids. Benzyl 2-methyl-4-oxo-A?-pyr- 
roline-3-carboxylate (III; R = CH,Ph) was prepared from benzyl $-aminocrotonate by 
Benary and Silbermann’s method (Ber., 1913, 46, 1363) and hydrogenated, to give the 
acid (III; R =H); this could not, however, be decarboxylated. Benary and Konrad 
(Ber., 1923, 56, 44) failed to obtain hydroxypyrroles by heating the acids (IV) and (V), but 
we found that 2 : 5-dimethyl-4-oxo-l-phenylpyrroline-3-carboxylic acid (VI; R= H), 
prepared by cyclisation of methyl §-anilino-a-«’-chloropropionylcrotonate to (VI; 
R = Me), followed by hydrolysis, lost carbon dioxide at its melting point, to give 2 : 5-di- 
methy]-4-oxo-l-phenylpyrroline (VII). The methoxy-acid (VIII) similarly gave 3- 
methoxy-2 : 5-dimethyl-1-phenylpyrrole. 

A more convenient preparation of (VII) (66° yield) was to heat aniline and 3-hydroxy- 
hexane-2 ; 5-dione at 100°. 1-Benzyl-2 : 5-dimethyl-4-oxopyrroline was similarly prepared 
from benzylamine and the hydroxy-diketone at room temperature; the lower yield (27°%) 
in this case may be due to decomposition of the hydroxy-diketone by the strongly basic 
amine. 

2 : 5-Dimethyl-4-oxo-1-phenylpyrroline was insoluble in dilute alkali and did not react 
with ethereal diazomethane. Diazomethane in ether—methanol converted it into an 
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intractable dark syrup. Addition of ferric chloride solution to the oxopyrroline in ethanol 
gave a transient red colour, which became permanent when sufficient ferric chloride (which 
presumably oxidises the compound) had been added. Treatment with benzoyl chloride— 
pytidine converted it in good yield into the benzoate (IX; R= Ph), and (IX; R= 
CH,Ph) was similarly obtained. No derivatives could be prepared from (VII) by 
treatment with semicarbazide or 2 : 4-dinitrophenylhydrazine. 
RO,C =O —O HO,C OMe yy O°CO-Ph 
Me\ XH Me\ CH Me\ ./Me Me\ Me 

| le _ Ph R 

(VI) (VII) (VII) (IX) 

The most striking property of 2: 5-dimethyl-4-oxo-l-phenylpyrroline was its rapid 
autoxidation, in air, to a crystalline compound (A), C,.H,,0.N, m. p. 151—152°, containing 
one oxygen atom more than the original compound. Very little of A was obtained when an 
ethanolic solution of the oxopyrroline was shaken in oxygen (although absorption of gas 
occurred), or by oxidation with hydrogen peroxide or ferric chloride, but potassium ferri- 
cyanide in aqueous or aqueous-ethanolic solution readily gave the new compound in 
ca. 50% yield. 

It has been shown previously (Kohler, Westheimer, and Tishler, J. Amer. Chem. Soc., 
1936, 58, 264; Kohler and Woodward, tbid., p. 1933; Lutz and his co-workers, ibid., 1936, 
58, 1885; 1937, 59, 2322; and many other papers) that some derivatives of 3-hydroxy- 
furan, such as (X; R= H or Ph) absorb oxygen to give peroxides, from which, by 
reduction, hydroxyfuranones (XI; R =H or Ph) are obtained. The latter compounds 
may be stable in this form (e.g., XI; R = Ph), or may isomerise to open-chain triketones, 
such as (XII), derived from (XI; R= H). It seemed possible that the compound A 
might have a structure (XIII) analogous to (XI), or else one of the structures (XIV) or 
(XV) to which (XIII) might give rise by isomerisation. 

The following evidence indicates that A is, in fact, 5-hydroxy-2 : 5-dimethyl-4-oxo-1- 
phenylpyrroline (XIII), and exists in this form, although derivatives of an open-chain 
structure (XIV) or (XV) can be prepared from it under suitable conditions. The 
compound was hydrolysed by boiling dilute alkali, with liberation of aniline, and by very 
dilute hydrochloric acid at room temperature; these reactions are probably preceded by 
isomerisation to (XV). It reacted vigorously with sodium bismuthate (Rigby, J., 1950, 
1907), which attacks the CO-C-OH group, but not «-diketones, and with sodium meta- 
periodate, in the latter case yielding a crystalline product which could not, however, be 
identified. The compound A did not give derivatives with semicarbazide or 2 : 4-dinitro- 
phenylhydrazine, and this is attributed to the fact that (XIII) is the vinylogue of an amide ; 
in such compounds the ketonic character of the carbonyl group is known to be suppressed 
(Cromwell, Miller, Johnson, Frank, and Wallace, J. Amer. Chem. Soc., 1949, 71, 3337). 
With acetic anhydride-pyridine, A gave a monoacetate. The infra-red spectrum of A in 
Nujol mull showed strong bands at 3-12, 6-08, and 6-64 u. The first of these indicates the 
presence of a hydroxyl group (in XIII), or an NH group (in XIV), and the other two are 
presumably those characteristic of «$-unsaturated {-amino-ketones (XIII or XIV) 
(Cromwell et al., loc. cit.). Structures (XIV) and (XV) might be expected to show an 


= 


acetyl-carbony! band near 5-75 yu, and this is absent. 


R OH K 


— = 0) 
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Sn Me 
(X) (XII1) 
Ph-CO:CH,°CO:COPh Ph-NH:-CMe:CH-CO:COMe Ph:N:CMe-CH,:CO-COMe 
(XII XIV (XV) 

In its reaction with o-phenylenediamine, the compound apparently behaves as an 
a«-diketone (XIV) or (XV), affording a yellow product C,,H,,N 3, m. p. 108—109°. On acid 
hydrolysis this gave 2: 3-dimethylquinoxaline, indicating a structure (XVI or XVII; 
R = Ph) rather than (XVIII), derived from the cyclic form of A. Of the first two 
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structures, the absence of an NH band near 3 » in the infra-red spectrum of the substance 
in chloroform solution makes (XVI; R = Ph) the more probable. On some occasions the 
reaction with o-phenylenediamine gave a product of m. p. 120—140°, with an ultra-violet 
spectrum similar to that of the compound of m. p. 108—109°, and giving 2 : 3-dimethyl- 
quinoxaline on acid hydrolysis. This material may have contained a compound (XVI; 
R = 0o-C,H,-NH,), formed by replacement of aniline by o-phenylenediamine during the 
condensation. 

If structure (XVI) is correct, the strong yellow colour of the quinoxaline and its 
hydrolysis to 2: 3-dimethylquinoxaline require explanation. Although no satisfactory 
reasons can at present be given for the former, a similar unexpected orange colour has been 
noted in a compound of rather similar structure, 3-phenacyl-2-phenylquinoxaline (Lutz 
and Stuart, J. Amer. Chem. Soc., 1936, 58, 1885); 3-«-methylphenacyl-2-phenylquin- 
oxaline, on the other hand, is colourless (idem, ibid., 1937, 59, 2316). The acid hydrolysis 
to 2 : 3-dimethylquinoxaline probably takes place by initial hydrolysis of the anil, followed 
by a breakdown similar to that of a $-diketone (e.g., benzoylacetone to acetophenone), the 
C:N group in the quinoxaline ring behaving like a carbonyl group (Bergstrom and Ogg, 
tbid., 1931, 58, 245). y 
N ‘Me 
\ Ay/iicMe NHR 
(XVI) (XVII) 


( ‘Me r 
N Ay jCHy'CMeNR 


(XVIII) 


Potassium ferricyanide oxidation of the condensation products of m-nitroaniline and 
a-naphthylamine with 3-hydroxyhexane-2 : 5-dione gave 5-hydroxy-2 : 5-dimethyl-l-m- 
nitrophenyl-4-oxopyrroline and -1-«-naphthyl-4-oxopyrroline respectively, and oxidation 
of 2 : 5-dimethyl-4-oxo-1-phenylpyrroline-3-carboxylic acid similarly gave its 5-hydroxy- 
derivative. On oxidation with potassium ferricyanide, ethyl 2-methy]l-4-oxo-A?-pyrroline- 
3-carboxylate gave the indigo previously obtained by Benary and Silbermann by oxidation 
with ferric chloride, and 2: 5-dimethyl-l-phenylpyrrole, 3-benzoyloxy-2 : 5-dimethyl-1- 
phenylpyrrole, and 2-methyl-4-oxo-1-phenylpyrroline-3-carboxylic acid were recovered 
unchanged. 

The reactions of various oxopyrroline and hydroxypyrrole derivatives with diazo- 
methane were studied, in order to determine whether enolic hydroxyl groups were present. 
The reactions were carried out at room temperature in ether-methanol mixtures, which 
were used in preference to ether alone, partly because the compounds were usually more 
soluble in methanol than in ether, and partly because diazomethane is a more effective 
methylating agent in the presence of methanol (Schonberg and Mustafa, J., 1946, 746). 

Ethyl 4-hydroxy-1-phenylpyrrole-3-carboxylate reacted slowly, to give a product from 
which 4-methoxy-1-phenylpyrrole-3-carboxylic acid was obtained in 20°% overall yield on 
alkaline hydrolysis. 

Methyl] 2-methyl-4-oxo-1-phenylpyrroline-3-carboxylate gave a 17% yield of a yellow 
compound, C,,H,;0,Ns (7.¢., addition of diazomethane had occurred), and the same product 
was obtained in 19% yield from methy] 4-acetoxy-2-methyl-1-pheny|pyrrole-3-carboxylate 
and diazomethane. It melted with decomposition at 200°, without any evidence of 
evolution of nitrogen at lower temperatures, and was rapidly hydrolysed by alkali to a 
colourless acid, C,;H,,0,N, with light absorption characteristics markedly different from 
those of the ester. These compounds were not investigated further. 

1-Acety]-4-oxo-2-phenylpyrroline-5-carboxylic acid (XIX) (Madelung and Obermann, 
Ber., 1930, 63, 2870) gave two crystalline products, C,;H,;0,N, m. p. 96—97°, presumably 
(XX), in 25% yield, and C,,;H,,0,N, m. p. 182—183°, believed to be (X.XJ) on the basis of 
its ultra-violet spectrum (see below), in 13°% yield. The removal of an N-acetyl group by 
diazomethane is unexpected, and the possibility (not excluded by its method of preparation) 
that Madelung and Obermann’s compound was in fact 3-acetoxy-5-phenylpyrrole-2- 
carboxylic acid was considered. If this were so, the compound C,;H,,0,N would be 
methyl 3-acetoxy-1-methyl-5-phenylpyrrole-2-carboxylate, and its spectrum should be 
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similar to that of the starting material, since, in the examples given below, replacement of 
acetoxy by methoxy and substitution on the imino-nitrogen produce little change in 
spectrum. The observation that the spectra do, in fact, differ, supports Madelung and 
Obermann’s formulation of the original acid. This difference also indicates, although not 
conclusively, that (XIX) exists in the oxopyrroline, rather than the hydroxypyrrole, form, 
and the close similarity in spectra shown by (XIX) and the compound C,,H,,0,N supports 
the structure (XXI) for the latter rather than the alternative possibility (XXII). 


{ OM iT OMe 
Phi CO,Me hi} Ph\_CO,Me 
‘N s oS : . N = 

Ac alc H 
(XX) XX (XXID 


Ultra-violet and infra-red spectra have been widely used in the study of tautomeric 
compounds, and often give more reliable information than purely chemical methods. The 
ultra-violet absorption data (Figs. 1 and 2; Table 1) and infra-red absorption bands in the 
2—8 u region (Table 2) of a number of pyrroles and pyrrolines are set out below. Except 
where otherwise. stated, the ultra-violet spectra were determined in ethanolic solution, 
with a Unicam S.P. 500 Spectrophotometer or a Cary Spectrophotometer, and the infra- 
red spectra in Nujol mull on a Beckman IR-2 Spec trophotometer. 


TABLE lI. 
Compound Amax.(™y4) € € 
(III; R=H). - 12,400 
Et ester of (III)? Foss tetoeu Caasé eee ada ive aaa teen 13,600 9,800 
Enol acetate Ee tas ss igkivutocece tice ee 18,100 — — 
Te 15,100 246 14,900 
COV) ® © conic va ciate un ches edaaad uses tks pene das tunnvedobaun sopevavenace eeeass 25: 14.500 


oe ORIG CECT © ivcdccvcgeacice cates nhgicesabiaces 18,000 5! 18,500 

Me enol ether of (IV) 16,000 5—2 15,000 

}') eo cel datis ied aan aaa taat igs sated uae aan iaa taeda tieka me maa 14,200 SOS 11,000 

Me ester of (V 5) scan eamhwese su unatecasewancnaeovawbuvnensa cecdtneenereean 19,200 : 10,500 

Enol acetate of no, 8 17,800 — nae 

(VI; R = H) 14,800 9,600 

(VID aes ek aide ea cieuboda sb kaka vad ean budgie renee taduaen eeeeetes 15,900 aes sania 

Enol acetate of (VI; I EE, casiecs cae ie vex vscnentnunap remanent 14,700 ~ — 

OVER) sccsvawe Ser PCCTE CELT T ere 2,800 24- 16,200 

(VII) in 0- ‘O1N- NaOH 10,400 a 

DEO CRON GUROE CE CY LE) ines. cussinecs vcccue veacanaees 16,100 

2 : 5-Dimethyl-1- ‘phenylpyrrole "ARIA ori 15,000 

(Tx: R Pa. cox, eagmadae 21,700 

(IX; R = CH,Ph) 20,600 

1- Phenylpyrrole 5 ene Seer eer 13,500 

3-Methoxy-1- -phenylpyrrole > Aetea has st seu 10,800 

CRONE 55 rica s skenaboinn teachings th cccy sc nal tec ea 13,700 

(RTE) Sie eUMabend awhake udxnn ewder ean eeees 12,900 

Acetate of ( XIII) . Wiarsciagsiabe Sieh wind We oom ae aca see aaa 12,000 - 

3-CO, iy ney of (XIII) a eausere oeewhes gutameusives saad ee 16,300 323 11,100 

9 6 - 
1-Acetyl-4-oxo-2-phenylpyrroline-5-carboxylic acid ® 916 oaaee inte — 
carboxylate 232 11,100 292-5 =16,000 
9 

Methyl 1-methyl-4-oxo-2-phenylpyrroline-5-carboxylate ... 24! 3,900 aia 27,800 
1 Benary and Silbermann, loc. cit. 2 Kiister, Z. physiol. Chem., 1922, 121, 135. * Benary and 

Konrad, loc. cit. 4 Hazlewood et al., J]. Proc. Roy. S N.S.W., 1937, 71, 92 (Chem. Abs., 1938, 32, 

1695). °® Adkins and Coonradt, J]. Amer. Chem. Soc., 1941, 68, 1563. ® Mz wh me and Obermann, 


loc. cit. 


"| 


whee oe 


Or he OS 
~ 


Methyl 1-acetyl-3-methoxy-5-phenylpyrrole-2 


Discussion.—A comparison of the ultra-violet spectra of compounds 1—3 with those 
of compounds 7—9 shows that substitution of the imino-hydrogen by phenyl has little 
effect on the absorption, apart from a moderate shift of the maxima to longer wave-lengths, 
and consequently, it seems unlikely that pyrrolenine forms contribute to the structures of 
the first three sea, epee The presence of NH absorption at 3-20u in the infra-red 
spectra of compounds 2 and 3 supports this « onc lusion. 

The ultra-violet spectra of compounds 1—3, 7—14, and 16 clearly indicate that, of 
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these compounds, those with free potential hydroxy-groups exist in the oxopyrroline, 
rather than the hydroxypyrrole, form, since the spectra of the methoxy-, acetoxy-, and 
benzoyloxy-derivatives are very different from those of the unsubstituted compounds. In 


TABLE 2. 
(Wave-lengths are in p. vs = very strong, s = strong, m = medium, w = weak band. Compound 
nos. are from Table 1.) 
Absorption bands 
3-20 m 5-88 vs 6-18 s. 6-40 s. 665s 6:95 s ‘17m 7 7 
3°20 w 5-63 s 574s 5:90 vs 6-26 w 6-51 m ‘07s 7 
3:87 w 5: 6-07 m 6-l1lm 6:46 s 710m ‘90 m 
5-94 vs 342 vs 6-645 - —- — — 
3:80 w ‘99 vs 6-27 w 6°35 m 6°55 vs 6-64 s 71liw 
5-82 vs O05 6-18 m 6-525 6-70 m 7:45 m ~- 
5:99 vs 3°54 vs 6-70 m 6-96 s 7:92 m -- —- 
3:03 w 5: 'S 6-08 m 614s 6-52 vs 6-72s 7-03 m 
(liquid film) 3-08 w 3°22 w 3°32 w 602 vs 612 vs 628m 

- — 6-52 vs 6-68 vs 706s 7-3lm 7-58 m 7-94w 

3°12s 6-08 vs 6-30 m 6:45 w 6-64 vs 6-82 s 7°33 m 757 Ww 


“46s 
‘90 vs 


PM1H5 ob 8 to 7a 


— pms 
oo 


those compounds with two strong maxima, it seems reasonable to attribute the lower 
wave-length one (at 240—248 my) to the «$-unsaturated (-(substituted amino)-acid or 
-ester group, and the other (at 291-5—324:5 my) to the «3-unsaturated $-(substituted 


Fic. 2. Fic. 3. 


\ 
1 > = 
300 350 200 250 
Wave-/ength (mu) 


4-Hydroxy-1-phenylpvrrole-3-carboxylic acid. 

2: 5-Dimethyl-4-oxo0-1-phenylpyrroline-3-carboxylic acid. 
4-Methoxy-2 : 5-dimethyl-1-phenylpyrrole-3-carboxylic acid. 

2 : 5-Dimethyl-4-ox0-1-phenylpyrroline. 

5-Hydroxy-2 : 5-dimethyl-4-oxo-1-phenylpyrroline. 

5-Hydroxy-2 : 5-dimethyl-4-ox0-1-phenylpyrroline-3-carboxylic acid. 
1-Phenylpyrrole. 

3-Methoxy-1-phenylpyrvole. 

2: 5-Dimethyl-1-phenylpyrrole. 

3-Methoxy-2 : 5-dimethyl-1-phenylpyrrole. 


amino)-carbonyl group. These assignments, and the oxopyrroline structure on which they 
are based, are confirmed by a comparison of the spectra of the derivatives of 5-hydroxy- 
2 : 5-dimethyl-4-oxo-l-phenylpyrroline (compounds 21—23) in which the oxopyrroline 
structure is fixed, with those of compounds 13 and 10. 

The chemical behaviour of compounds I, 2, 7, 8, 10, and 13 is generally consistent with 
this formulation. Acyloxypyrroles are presumably formed after a preliminary enolisation, 
and the same mechanism may account for the solubility of esters such as 2 and 8 in alkali; 
however, this may be due to contributions from forms such as (XXIII) and (XXIV) 
(cf. Grob and Ankli, loc. cit., on similar 5-oxo-A®-pyrroline derivatives). 2 : 5-Dimethy]-4- 
oxo-l-phenylpyrroline, lacking an alkoxycarbonyl group, is insoluble in dilute aqueous 
alkali, and its spectrum is not greatly altered by the addition of sodium hydroxide. The 
compounds are not converted into methoxypyrroles by diazomethane, and with methyl 
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sulphate-sodium hydroxide give either no product (compound 2; Kiister, Joc. cit.) or only 
a low yield of methoxy-derivative (compound 10). Most of these compounds give colours 
with ferric chloride solution, but this does not necessarily indicate an enolic hydroxy] 
group; a red colour is given by some of the «3-unsaturated $-amino-ketones prepared by 
Cromwell et al. (loc. cit.), and also by 5-hydroxy-2 : 5-dimethyl-4-oxo-1-phenylpyrroline. 
Kiister (loc. cit.) concluded from a K. H. Meyer titration of ethyl 2-methyl-4-oxo-A?- 
pyrroline-3-carboxylate that this compound existed entirely in the enolic form, but this 
result can equally be explained as addition of bromine to the 2: 3-double bond of the 
oxopytroline, followed by reaction of the resulting a-bromo-ketone with acidified potassium 
iodide in the usual way. 
R’'O-C o- RO64——n 
Me, + Mel _ J:- ae 
(XXIII) N NN“ (XXIV) 
R RH 

The compounds do not show the properties of simple ketones; methyl 2-methy]l-4-oxo- 
1-phenylpyrroline-3-carboxylate, for example, with hydrazine gives the corresponding acid 
hydrazide, rather than a hydrazone. This suppression of ketonic properties is ascribed 
to the amide character of the carbony] group, as discussed earlier, and the infra-red spectra 
do, in fact, generally show absorption bands at about 6-0 and 6-5 u similar to those found 
by Cromwell et al. (loc. cit.) to be characteristic of the «$-unsaturated 8-amino-carbonyl 
system. However, the presence of acid or ester carbonyl groups in most of these com- 
pounds, and a lack of data on the infra-red absorption of the pyrrole ring system, make 
deductions from the infra-red spectra of a very questionable value. The weak OH bands 
at about 3 u in the spectra of compounds 10 and 13 are considered to be due to the presence 
of small quantities of 5-hydroxy-derivatives formed by oxidation, rather than to enolic 
forms of the compounds. 

The compounds having a 1-phenyl substituent and no a-methyl groups in the pyrrole 
ring (compounds 4—6) show markedly different properties. The ultra-violet spectrum of 
compound 4 is quite different from that of its 2-methy] derivative (compound 7), but closely 
resembles that of the corresponding methoxy-acid (compound 6), suggesting that the 
compound exists mainly, at any rate, in the enolic form in ethanolic solution. Moreover, 
ethyl 4-hydroxy-1-phenylpyrrole-3-carboxylate (compound 5) reacted slowly with diazo- 
methane in methanol-ether, and hydrolysis of the product gave the methoxy-acid 
(compound 6) in 20% overall yield. A similar methylation with methy] sulphate-sodium 
hydroxide (Benary and Konrad, loc. cit.) gave the same acid in 34% yield. The infra-red 
spectra of the acid (4) and its ethyl ester (5) in Nujol mull do not show OH bands near 
3; possibly the compounds have a different structure in the solid state, or, alternatively, 
hydrogen bonding may shift the OH band to longer wave-lengths sufficiently for it to be 
masked by the 3-4 » Nujol band. 

The considerable alteration in chemical and physical properties produced by introducing 
one or two «-methy! groups into these 1-phenylpyrrole derivatives is almost certainly due 
to the fact that these groups hinder the coplanarity, and hence the interannular conjug- 
ation, of the two ring systems, as has been shown by a study of the diple moments of a 
number of 1-phenylpyrrole derivatives (Kofod, Sutton, and Jackson, J., 1952, 1467). 
Presumably in compounds 4 and 5 the additional conjugation stabilises the enolic form 
with two double bonds in the pyrrole ring, in comparison with those compounds from which 
the pheny! group is absent (1, 2) or held out of coplanarity with the pyrrole ring (7, 8, 10, 
and 13). Moreover, the spectrum of 2: 5-dimethyl-l-phenylpyrrole is similar to that of 
l-benzylpyrrole, but differs from that of l-phenylpyrrole. Introduction of a methoxy- 
group into the 3-position of 2 : 5-dimethy]-1-phenylpyrrole has little effect on the spectrum, 
but in the more highly conjugated system of 1-phenylpyrrole produces a marked change. 

The structures of compounds 24—26 have already been discussed. Although the 
ultra-violet spectra and the absence of any colour reaction with ferric chloride support an 
oxopytroline structure for 24 and 26, the methylation with diazomethane indicates an 
enolic structure, and definite conclusions cannot at present be reached. 
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EXPERIMENTAL 

Benzyl 8-Aminocrotonate.—Ammonia was passed into benzyl acetoacetate (62 g.), without 
cooling, for 14 hr. The mixture was set aside overnight at 0°, then diluted with ether and 
washed 3 times with sodium chloride solution. Evaporation of the dried (Na,SO,) ethereal 
solution and distillation of the residue afforded benzyl B-aminocrotonate (36 g., 58%), b. p. 1384— 
148°/2 mm., m. p. 30—32° (Found: C, 69-1; H, 6-8; N, 7-2. C,,H,,;0,N requires C, 69-1; 
H, 6-9; N, 7-3%). 

Benzyl 8-Amino-a-chloroacetylcrotonate.—Chloroacetyl chloride (11-3 g.) in dry ether (15 c.c.) 
was added during 20 min. to a solution of the above ester (19-1 g.) in dry ether (50 c.c.) and 
pyridine (7-9 g.) with stirring and cooling in ice-water. The mixture was stirred for 1 hr. at 0°; 
then ice-water (30 c.c.) was added and most of the ether was evaporated in a current of air. The 
crystalline solid was collected and crystallised from ethanol (75 c.c.), to give benzyl B-amino-a- 
chloroacetylcrotonate (12 g., 45%) as colourless needles, m. p. 86—87° (from ethanol) (Found : 
C, 58-0; H, 5-3; N, 5-4. C,3;H,,O,;NCI requires C, 58-4; H, 5-2; N, 52%). 

Benzyl 2-Methyl-4-oxo0-A?-pyrroline-3-carboxylate (III; R = CH,Ph).—The above chloro- 
acetyl compound (13-4 g.) was added all at once to a vigorously stirred solution of potassium 
hydroxide (6 g.) in ethanol (50 c.c.). A vigorous reaction ensued, and the flask was at once 
cooled in ice-water. The crystalline mass was kept for 30 min. at room temperature, then 
acidified with ice-cold dilute hydrochloric acid, and the crystalline solid (10-2 g., 88%) collected 
and washed with water. Rapid recrystallisation from ethanol (1200 c.c.) afforded benzyl 
2-methyl-4-oxo0-A?-pyrroline-3-carboxylate (7 g., 61%) as fine, buff needles, m. p. 205—206° 
(decomp., with much previous darkening) (Found: C, 67:0; H, 6-0; N, 6-0. C,,H,,0,N 
requires C, 67:5; H, 5-7; N, 6-1%). 

2-Methyl-4-ox0-A?-pyrroline-3-carboxylic Acid (III; R= H).—A suspension of the above 
ester (4:5 g.) in 0-4N-sodium hydroxide (100 c.c.) was hydrogenated at atmospheric temperature 
and pressure, with 5% palladium-strontium carbonate catalyst. The theoretical amount of 
hydrogen for removal of the benzyl group was absorbed in 45 min., the compound dissolving. 
Catalyst was removed and the filtrate acidified with dilute hydrochloric acid, to give 2-methyl- 
4-ox0-A®-pyrroline-3-carboxylic acid (1-76 g., 64%), which crystallised from water in pale-yellow 
rods, m. p. 177° (decomp. with darkening above 150°) (Found: C, 51:3; H, 5-2; N, 9-7. 
C,H,O,N requires C, 51-1; H, 5-0; N, 9-9%). The acid decomposed completely when heated 
with powdered glass at 180°/0-5 mm. 

2-Methyl-4-oxo-1-phenylpyrroline-3-carboxylic Acid.—This compound is described by Benary 
and Konrad (loc. cit.) as colourless needles, m. p. 145° (decomp.), when prepared from the methyl 
ester by hydrolysis with boiling ethanolic potassium hydroxide for many hours. Obtained by 
hydrolysis of the ester with 10% aqueous sodium hydroxide at 100° for 30 min., the acid formed 
pinkish needles, m. p. 174—175° (decomp.) (Found: C, 66-2; H, 5:3; N, 6-6. Calc. for 
C,,H,,0,N: C, 66-3; H, 5:1; N, 6-4%). 

Methyl 4-Acetoxy-2-methyl-1-phenylpyrrole-3-carboxylate.—Acetylation of methyl 2-methyl- 
4-oxo-1-phenylpyrroline-3-carboxylate (5 g.; Benary and Konrad, Joc. cit.) by acetic anhydride 
and potassium acetate at 100° afforded the acetory-ester (4:2 g., 71%), colourless crystals (from 
ethanol), m. p. 101—102° (Found: C, 66-5; H, 5:8; N, 5-3. C,;H,;0,N requires C, 65-9; H, 
5-5; N, 51%). 

2-Methyl-4-oxo-1-phenylpyrroline-3-carboxylic Acid Hydrazide-—A solution of methyl 2- 
methyl-4-oxo-1-phenylpyrroline-3-carboxylate (1 g.) in hot ethanol (3 c.c.) was cooled rapidly 
to 25° and treated with 90—95% hydrazine hydrate (3 c.c.). The solution was set aside over- 
night at room temperature, then evaporated to dryness under reduced pressure, and the 
crystalline residue recrystallised from ethanol, to yield the hydrazide (0-54 g., 54°) as slightly 
yellowish, rectangular crystals, m. p. 146—147° (from ethanol) (Found: C, 62-7; H, 5-9; N, 
18-0. C,,H,,0,N, requires C, 62:3; H, 5:7; N, 18-2%). An ethanolic solution of the 
compound gave a faint brown colour with ferric chloride solution. 

Methyl 8-Anilino-a-a’-chloropropionvicrotonate.—a«-Chloropropionyl chloride (25-4 g.) in dry 
ether (30 c.c.) was added during 30 min. to a solution of methyl $-anilinocrotonate (38-2 g.; 
Conrad and Limpach, Ber., 1888, 21, 1965) in dry ether (130 c.c.) and pyridine (15-8 g.) with 
stirring and cooling in ice. Stirring was continued for 2 hr. at 0° and 2 hr. at room temperature ; 
then ice-water (75 c.c.) was added, and the ethereal layer was dried (Na,SO,) and evaporated 
under reduced pressure from a bath at 40°. Crystallisation of the residue from ethanol gave 
methyl B-antlino-a-a'-chloropropionylcrotonate (26 g., 46%) as colourless rods, m. p. 73° (from 
ethanol) (Found: C, 59-6; H, 5-7; N, 5-5. C,4H,.0,NCI requires C, 59-7; H, 5-7; N, 5-0%). 
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2 : 5-Dimethyl-4-ox0-1-phenylpyrroline-3-carboxylic Acid (V1; R = H).—A solution of the 
above chloropropiony] derivative (26 g.) in warm methanol (80c.c.) was cooled rapidly to 0°, and 
treated, with shaking and cooling in ice-water, with an ice-cold solution of potassium hydroxide 
(12-5 g.) in methanol (80 c.c.), added in portions. The mixture was kept at 0° for 20 min., then 
evaporated under reduced pressure to small volume, and the residue dissolved in water (200 c.c.) 
and acidified with dilute hydrochloric acid. The crude methyl 2: 5-dimethyl-4-oxo-]-phenyl- 
pyrroline-3-carboxylate (16-8 g., 77%) which separated was isolated by ether-extraction as a 
stiff, light yellow syrup. 

The above ester (3-3 g.) and 2N-sodium hydroxide (30 c.c.) were heated together on the 
steam-bath for 30 min. Cooling and acidification with dilute hydrochloric acid gave 2: 5- 
dimethyl-4-ox0-1-phenylpyrroline-3-carboxylic acid (2-7 g., 87%) as a white powder; crystallised 
from benzene or ethyl] acetate it formed colourless needles, m. p. 151—152° (Found: C, 66-9; 
H, 5:7; N, 6:2. (C,3H,,;0,N requires C, 67-5; H, 5:7; N, 61%). 

4-Acetoxy-2 : 5-dimethyl-1-phenylpyrroline-3-carboxylic Acid.—The above acid was acetylated 
in the usual way with acetic anhydride-potassium acetate. The acetoxy-actd separated from 
aqueous methanol as short, colourless rods, m. p. 93—95°, which on further recrystallisation 
yielded colourless blades, m. p. 206—208° (decomp.) (Found: C, 66-2; H, 5-9; N, 4-9. 
C,;H,,;0O,N requires C, 65-9; H, 5-5; N, 5-1%). 

4-Methoxy-2 : 5-dimethyl-1-phenylpyrroline-3-carboxylic Acid (VIII).—A solution of crude 
methyl 2: 5-dimethyl-4-oxo-l-phenylpyrroline-3-carboxylate (7 g.) in N-sodium hydroxide 
(75 c.c.) was treated with methyl sulphate (5-5 c.c.). The mixture was shaken for 2 hr., then 
treated with N-sodium hydroxide (15 c.c.) and methyl sulphate (1 c.c.) and shaken for a further 
4 hr., during which a yellow syrup separated. The mixture was made just acid with dilute 
sulphuric acid, and the product (5-9 g.) isolated by ether as a yellow gum. This was heated 
under reflux with ethanolic potassium hydroxide (60 c.c.; 10%) for 2 hr.; the solution was then 
evaporated to dryness under reduced pressure, and a solution of the residue in water (60 c.c.) 
acidified with dilute sulphuric acid. Crystallisation of the separated material from ethyl 
acetate gave 4-methoxy-2 : 5-dimethyl-|1-phenvlpyrrole-3-carboxylic acid (0-5 g., 7%) as colourless 
needles, m. p. 153—155° (decomp.) (<130° on admixture with the unmethylated acid of m. p. 
151—152°) (Found: C, 68-7; H, 6-4; N, 5-7. C,,H,,O,N requires C, 68-6; H, 6-2; N, 5-7%). 
A second preparation yielded the methoxy-acid as dense hexagonal prisms, m. p. 162—163°, 
(decomp.); in admixture with the form of m. p. 153—155°, the m. p. was 154—156° (decomp.) 
(Found: C, 68-9; H, 6-1; N, 56%). The ultra-violet absorption spectra of the two forms were 
virtually identical. 

3-Methoxy-2 : 5-dimethyl-1-phenvlpyrrole.—4-Methoxy -2 : 5-dimethyl-1-phenylpyrrole -3- 
carboxylic acid (0-15 g.) was heated at 155—156°/10 mm. 3-Methoxy-2 : 5-dimethyl-1-phenyl- 
pyrrole distilled as a very pale yellow, rather mobile liquid, which darkened rapidly on exposure 
to air (Found: C, 76-7; H, 7:5; N, 7:4. C,,;H,;ON requires C, 77-6; H, 7:5; N, 7-0%). 

2: 5-Dimethyl-4-oxo-1-phenylpyrroline (VII).—(a) Aniline (3-72 g.) and 3-hydroxyhexane- 
2: 5-dione (5-20 g.; Henze and Miiller, Z. physiol. Chem., 1933, 214, 281; Schechter and 
LaForge, U.S.P. 2,574,500) were mixed, the temperature rising spontaneously to about 45°. 
After 30 min., the mixture was heated for 1 hr, at 100° in an atmosphere of nitrogen, and for a 
further 3 hr. at 10 mm. (to remove water). Distillation of the residue through a short column 
afforded 2: 5-dimethyl-4-oxo-l-phenylpyrroline (4:95 g., 66%) as a viscous, golden-yellow 
liquid, b. p. 133—134°/0-6 mm., 155—-157°/2 mm. The compound rapidly oxidised in air toa 
crystalline mass (see below), and good analytical figures could not be obtained (Found: C, 
75:3; H, 6-9; N, 7-2. Calc. for C,,H,,ON: C, 77:0; H, 7-0; N, 7-6%). 

(b) 2: 5-Dimethyl-4-oxo-1-phenylpyrroline-3-carboxylic acid (1 g.) was heated at 148— 
152°/5 mm. When evolution of carbon dioxide ceased, the pressure was reduced to 1 mm., 
and the bath temperature raised, finally to 200°. 2: 5-Dimethyl-4-oxo-1-phenylpyrroline 
0-6 g., 74%) distilled, and with benzoyl chloride and pyridine afforded 3-benzoyloxy-2 : 5- 
dimethyl-1-phenylpyrrole, m. p. 88—-90°, alone or mixed with a sample of m. p. 90—91° described 
below (Found: N, 4-6. C,,H,,0,N requires N, 4:8%). 

3-Benzoyloxy-2 : 5-dimethyl-|-phenylpyrrole (IX; R = Ph).—A solution of the above 4- 
oxopyrroline (1-12 g.) in dry pyridine (5 c.c.) was treated with benzoyl chloride (0-88 g., 1-05 mol.) 
added all at once, at about —40°. The mixture was kept at 0° with occasional shaking for 2 hr., 
then added to excess of sodium hydrogen carbonate solution, and the product extracted with 
chloroform. The extract was washed successively with dilute sulphuric acid, sodium hydrogen 
carbonate solution, and water, dried (Na,SO,), and evaporated under reduced pressure. 
Crystallisation of the residue from ethanol afforded 3-benzoyloxy-2 : 5-dimethyl-1-phenylpyrrole 


3810 Davoll: The Preparation and Structure of 


(1-03 g., 59%) in colourless, hexagonal plates, m. p. 90—91° (Found: C, 78-1; H, 5-7; N, 4-9 
Calc. for C,,H,,O,N: C, 78:3; H, 5-9; N, 48%). The compound gave no colour with ferric 
chloride solution. 

3-Benzoyloxy-1-benzyl-2 : 5-dimethylpyrrole (IX; R = CH,Ph).—Benzylamine (4-28 g.) was 
cautiously added to 3-hydroxyhexane-2 : 5-dione (5-20 g.) with strong cooling. After 30 min. 
at 0° and 2 hr. at room temperature the mixture was distilled through a short column, giving 
crude 1-benzyl-2 : 5-dimethyl-4-oxopyrroline (2-20 g., 27%) as a viscous red liquid, b. p. 
162°/1 mm. The compound gave a ferric chloride reaction identical with that of the corre- 
sponding 1-phenyl derivative. It (1-52 g.) afforded 3-benzoyloxy-1-benzyl-2 : 5-dimethylpyrrole 
(1-40 g., 61%), yellow blades (from ethanol), m. p. 99—100° (Found: C, 79-0; H, 64; N, 4-6. 
C,9H,,0,N requires C, 78-7; H, 6-3; N, 4-6%). 

5-Hydroxy-2 : 5-dimethyl-4-oxo-1-phenylpyrroline (XIII) by Oxidation of 2: 5-Dimethyl-4- 
oxo-1-phenylpyrroline.—(a) With airy. 2: 5-Dimethyl-4-oxo-1-phenylpyrroline (1 g.) was exposed 
to air in a thin film for 2 days, being converted into light yellow crystals. Recrystallisation 
from ethyl acetate afforded 5-hydroxy-2 : 5-dimethyl-4-oxo-l-phenylpyrroline (0-4 g., 35%) as 
very pale yellow rectangular prisms, m. p. 151—152°, soluble in cold water and the common 
organic solvents, except light petroleum [Found: C, 70-5; H, 6-5; N, 7:-2%; M (Rast), 184. 
C,,H,,0,N requires C, 70-9; H, 6:5; N, 69%; M, 203]. It did not give a semicarbazone or 
2: 4-dinitrophenylhydrazone. Its ethanolic solution gave an immediate permanent red colour 
with ferric chloride. 

(b) With potassium ferricyanide. A suspension of the oxopyrroline (7-5 g.) in water (80 c.c.) 
was treated with a solution of potassium ferricyanide (26-3 g., 2 mols.) in water (250c.c.) and kept 
for 2 hr. at room temperature, with occasional shaking. The clear solution was extracted with 
chloroform (4 x 60c.c.) and the extract dried (Na,SO,) and evaporated to give, after crystallisation 
from ethyl acetate (85 c.c.), the hydroxyoxopyrroline (3-74 g., 46%), m. p. 151—152°, alone or 
in admixture with the material described in (a). Similar yields were obtained from the crude 
product produced by heating aniline with 3-hydroxyhexane-2 : 5-dione without distillation. 

Reactions of 5-Hydvoxy-2 : 5-dimethyl-4-oxo-1-phenylpyrroline.—(a) With alkali. The com- 
pound (0-336 g.), and N-sodium hydroxide (25 c.c.) were boiled together under reflux for 1 hr. 
The liberated aniline (79%) was distilled in steam into dilute hydrochloric acid, and determined 
by titration with sodium nitrite solution. In a similar hydrolysis, the aniline formed was 
identified by conversion into benzanilide. 

(b) With acetic anhydride—pyridine. A solution of the compound (0-30 g.) in pyridine 
(3 c.c.) and acetic anhydride (2 c.c.) was kept overnight at room temperature. After addition of 
ethanol and evaporation under reduced pressure, a solution of the residue in chloroform was 
washed with dilute sulphuric acid and sodium hydrogen carbonate solution, dried (Na,SO,), and 
evaporated, to yield 5-acetoxy-2 : 5-dimethyl-4-ox0-1-phenylpvrroline (0-15 g., 41%), colourless 
prisms (from ethyl acetate), m. p. 128-5—129-5° (decomp.) (Found: C, 68-5; H, 6-1; N, 5-9. 
C,,H,;0,N requires C, 68-6; H, 6-2; N, 5-7%). 

(c) With o-phenylenediamine. The compound (0-6 g.) and o-phenylenediamine (0-3 g.) were 
heated together at 150° for 15 min. Water was evolved, and after cooling, crystallisation from 
methanol yielded ( ?) 3-acetonyl-2-methylquinoxaline anil (0-24 g., 30%) as fine yellow needles, m. p. 
108—-109° after two recrystallisations from methanol (Found: C, 78-6; H, 6:2; N, 15-2. 
C,,H,,N, requires C, 78-5; H, 6:2; N, 15-3%). Light absorption in EtOH: Max. at 222, 296, 
325, and 426 mu (e 31,500, 13,200, 16,000, and 19,550 respectively). In other preparations, 
material of m. p. 120—140°, similar in appearance to the above, was obtained; this may be a 
mixture of the above compound and the corresponding 2-amino-anil (Found: C, 76-2; H, 6-0; 
N, 17-4. Calc. for C,gH,;N; + C,gH,gN,: C, 76-4; H, 6-2; N, 17-3%). Its ultra-violet 
absorption spectrum was similar to that of the compound of m. p. 108—109°. 

When the condensation was carried out in boiling ethanol (4 hr.) and in boiling 2-ethoxy- 
ethanol (1 hr.), the yields of crude condensation product were 9% and 31% respectively. 

The above quinoxaline (50 mg.; m. p. 108—109°) and 50% sulphuric acid (4 drops) were 
heated together at 100° for 1} hr. The mixture was cooled and made just alkaline with 
ammonia, giving brownish needles (24 mg., 66%), m. p. 98—100°, which were purified by 
sublimation at 100—105°/0-5 mm. This was followed by recrystallisation from aqueous ethanol, 
to give 2 : 3-dimethylquinoxaline as colourless needles, m. p. 104-5—105-5° alone or in admixture 
with an authentic sample (Found : C, 76-2; H, 6-3; N, 18-1. Calc. for C,,H,)N2: C, 75-9; H, 
6-4; N, 17-79%). The quinoxaline of m. p. 120—140° gave the same product in similar yield. 

5-Hydroxy-2 : 5-dimethyl-1-m-nitrophenyl- and -1-a-naphthyl-4-oxopyrroline.—3-Hydroxyhex- 
ane-2 ; 5-dione (2-60 g.) and m-nitroaniline (2-76 g.) were heated together for 2 hr. at 100°. The 
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crude product was oxidised with potassium ferricyanide as described for the corresponding 
1-phenyl derivative, except that 50° ethanol (240 c.c.) was used as solvent, and the mixture 
was evaporated to half its volume before extraction with chloroform. The 1-m-nitrophenyl 
compound crystallised from ethyl acetate in small yellow rectangular prisms, m. p. 179—181° 
(Found: C, 57-7; H, 4:9; N, 11-8. C,,H,,0,N, requires C, 58-1; H, 4:9; N, 11-3%). 

Similarly prepared from a-naphthylamine, the 1l-«-naphthyl compound was obtained in 
almost colourless prisms, m. p. 167—168° (Found: C, 75-5; H, 5-8; N, 5-6. C,,.H,,;0O,N 
requires C, 75-9; H, 6-0; N, 5-5%). 

5-Hydroxy-2 : 5-dimethyl-4-ox0-1-phenylpyrroline-3-carboxylic Acid.—2 : 5-Dimethyl-4-oxo-1- 
phenylpyrroline-3-carboxylic acid (0-5 g.) was oxidised with potassium ferricyanide (2 mols.) in 
aqueous ethanol, and the product (0-1 g.) isolated by chloroform. Crystallised from ethyl 
acetate, 5-hydroxy-2 : 5-dimethyl-4-oxo-1-phenylpyrroline-3-carboxylic acid formed colourless 
needles, m. p. 197—198° (decomp.) (Found: C, 63-0; H, 5:2; N, 5-9. C,,;H,,0O,N requires 
C, 63-2; H, 5-3; N, 5-7%). 

Reactions with Diazomethane.—The pyrrole was dissolved in methanol (20 c.c. per g.), treated 
with a 3—4-fold excess of crude ethereal diazomethane (Org. Synth., Coll. Vol. II, p. 166, Note 3), 
and kept for several days at room temperature, then evaporated under reduced pressure. 

(a) Ethyl 4-hydroxy-1-phenylpyrrole-3-carboxylate. The ester (1 g.) was methylated for 
5 days, and the crude product boiled under reflux with ethanolic potassium hydroxide (10 c.c. 
of 10%) for 2 hr. Acidification of the cooled mixture with dilute hydrochloric acid gave a 
brown powder which crystallised, with difficulty, from benzene or ethanol, to give 4-methoxy-1- 
phenylpyrrole-3-carboxylic acid (0-19 g., 20%) as light brown prisms, m. p. 165—166° (decomp.), 
after recrystallisation (Found: C, 66-3; H, 5-4; N, 6-1. Calc. for C,,H,,O,N: C, 66-3; H, 
5-1; N, 64%). The m. p. was not depressed by admixture with a sample of m. p. 167—168° 
(decomp.) prepared by Benary and Konrad’s method. 

(b) Methyl 2-methyl-4-oxo-1-phenylpvrroline-3-carboxylate. Methylation of the ester (0-5 g.) 
for 5 days gave a compound (0-1 g., 17%), as yellow needles, m. p. 200° (decomp., with slight 
darkening at lower temperature) after recrystallisation from ethanol (Found: C, 61-5; H, 5-6; 
N, 15:3. C,gH,;03,N, requires C, 61-5; H, 5-5; N, 15-49%). Light absorption in EtOH : Max. 
at 235, 322, and 393 mu (e 17,100, 11,700, and 9200 respectively). In ethanolic solution, the 
compound gave an intense olive-green colour with ferric chloride. The same compound was 
similarly prepared from methyl 4-acetoxy-2-methyl-1-phenylpyrrole-3-carboxylate (yield, 19%) 
(Found: N, 155%). 

The above yellow compound (0-15 g.) and ethanolic potassium hydroxide (2 c.c.; 10%) were 
heated under reflux for 2 hr. and cooled. The potassium salt (0-15 g.) was collected, dissolved 
in water, and acidified, to give the acid (0-10 g., 69%) as colourless needles, m. p. 216—218° 
after recrystallisation from benzene. Dried at room temperature, the compound appeared to 
be a hemihydrate (Found: C, 58-5, 58-3; H, 5-3, 5-3; N, 15-9. C,,H,,0,N;,4H,O requires 
C, 58:2; H, 53; N, 15-7%). Light absorption in EtOH: approx. equal max. at 242 and 
305 mu. The ferric chloride colour was cherry-red. 

(c) 1-Acetyl-4-ox0-2-phenylpyrroline-5-carboxylic acid. The acid (1 g.), suspended in 
methanol, dissolved rapidly with vigorous evolution of nitrogen on addition of ethereal diazo- 
methane. After 2 days, the solution was evaporated and the residue crystallised from benzene 
(5 c.c.), to give methyl 1-methyl-4-ox0-2-phenylpyrroline-5-carboxylate (0-12 g. 13%) as colourless 
needles, m. p. 182—183° after recrystallisation (Found: C, 67-1; H, 5-8; N, 6-4. C,,;H,,;0,N 
requires C, 67:5; H, 5-7; N, 6-1%). Addition of light petroleum (15 c.c.; b. p. 40—60°) to 
the filtrate from the above compound gave methyl 1-acetyl-3-methoxy-5-phenylpyrrole-2-carb- 
oxylate (0-25 g., 25%), colourless prisms, m. p. 96—97° after recrystallisation from light 
petroleum (b. p. 80—100°) (Found: C, 65-7; H, 5-4; N, 5-1. C,,3H,,0,N requires C, 65-9; H, 


5-5; N, 51%). 

The author is grateful to Dr. R. E. Bowman for many helpful discussions, also to Miss E. M. 
Tanner, Dr. J. M. Vandenbelt, and Mr. R. B. Scott for determinations of the spectra and advice 
on their interpretation. 
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778. The Ternary System BaBr,-HgBr,—-H,O at 25°, 10-4°, 
and 45°. 


By H. J. V. Tyrrecr and J. RicHARDs. 


Analysis of saturated solutions of mercuric bromide and barium bromide 
in water, and of the solid phases in equilibrium with such solutions, has 
shown that at 25° no solid phase other than mercuric bromide and barium 
bromide dihydrate appears. At 10-4° a solid phase of undetermined 
composition, containing all three components, appeared, stable in contact 
with a very narrow range of solutions. At 4-5°, the new phase was more 
stable, and consisted then ofa solid solution of, probably, BaBr,,2HgBr,,7H,O 
in BaBr,,3HgBr,,8H,O. 


THE ease with which mercuric bromide, iodide, and chloride dissolve in aqueous solutions 
of other halides is well known, and the phenomenon has been much investigated. The 
more concentrated solutions are dense and have a high refractive index and a high 
dispersion. They have, therefore, attracted some attention as possible materials for use 
in liquid prisms, mercuric bromide dissolved in a concentrated solution of barium bromide 


, 


being especially suitable for this purpose (Duclaux and Jeantet, Rev. d'Optique, 1938, 17, 
417; Tyrrell and Conn, J. Opt. Soc. America, 1952, 42, 106). The solubility relations in 


TABLE 1. System at 25° 


Supernatant liquid Wet residue Supernatant liquid Wet residue 
HgbBr, BabBr, Hgbr,. Babr, Solid phase HgBr, BabBr, HgbBr, BaBr, Solid phase 


-609 0-00 7} 55-1 39-9 
5:2 8-64 33-2 8°: | 36-0 55 ay 67-1 | 
7 19-1 i6- . 16-0 42. “2 60-0 BaBr,,2H,O 
26-0 49: 22. \ 5-25 47-8 0-00 87-6 | i 
25-4 7° 6 0-00 50- - . J 
29-3 
29-9 


Other values for the solubility of mercuric bromide in water at this temperature are 0-609 g. 
per 100 g. of solution (Garrett, see below) and 0-61 g. per 100 c.c. of solution (Herz and Paul, see below). 
Figures given for the solubility of mercuric bromide in barium bromide by Herz and Paul are 
expressed in terms of a volume of solution and are not therefore directly comparable with those 
tabulated. 


TABLE 2. System at 10-4°. 


Supernatant | Supernatant 
liquid Wet residue | liquid Wet residue 
HgBr, BaBr, HgBr, BaBr, Solid phase | 3aBr, HgBr, BaBr, Solid phase 
= — | 51: 31-0 6-75 $1-4 
0-1 89-6 . 35°8 4-12 82:1 . 
19-0 84-6 62 r, | 446 5:09 66-9 [BaBr,2H,0 
26-1 = 612 19 | 0:00 50-2 


28:7 80-4 
29-7 60-0 ] 
29-6 59-6 Intermediate 

30-5 60-5 phase of unde- 
30-0 58-1 termined and] 
30-5 57-5 29-5 | variable com- 
30-8 56-6 position 

30-6 58-5 J 


the system barium bromide—mercuric bromide-water have previously been studied only 
over a limited range of compositions (Herz and Paul, Z. anorg. Chem., 1913, 82, 431). The 
present paper describes a more detailed study carried out at 25°, 10-4°, and 4:5°. 

The results are shown in Tables 1, 2, and 3. At 25° no solid phases other than 
mercuric bromide and barium bromide dihydrate appeared. The solubility of mercuric 
bromide at this temperature (0-609 g. per 100 g. of solution) agrees with earlier values 
recorded by Herz and Paul (/oc. cit.) and Garrett (J. Amer. Chew Soc., 1939, 61, 2744), 


> al 
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while the present figure for the solubility of barium bromide dihydrate is almost identical 
with that obtained by Kremers (50-14 g. of BaBr, per 100 g. of solution) (Kremers, Pogg. 
Ann., 1856, 99, 47). At 10-4° there was clear evidence of the existence of a fresh solid 
phase containing all three components, but the range of solution compositions in contact 
with which this phase was stable was too limited for any real estimate of its composition 


TABLE 3. System at 4-5°. 
Supernatant Supernatant 
liquid Wet residue liquid Wet residue 
HgBr, BaBr, HgBr, BaBr, Solid phase HgBr, BaBr, HgBr, BaBr, Solid phase 
0-270 0-00 - — } 49-0 32:1 20-9 } 

8:00 85 1-56 | 35-9 35-4 10-9 
4:97 21-9 39°7 945 67-9 
10-0 45-0 1-64 82-4 

0-00 49-9 - 


> BaBr,,2H, 
>HgBr, BaBr,,2H,O 


_ 


Solid solution of 
(probably) 
BaBr,,2HgBr,,7H,O 
in 
BaBr,,3HgBr,,8H,O 


to be obtained. However, at 4-5° a solid phase containing all three components was found 
to be stable in contact with a much wider range of solutions. A portion of the isotherm 
at this temperature is shown in the Figure. The line A—B represents the compositions of 
solutions in equilibrium with the new solid phase, the open circles being the experimental 
points. A—D, A-—C represent the limits of composition within which solid mercuric 
bromide is stable, and B—F, B—E those within which barium bromide dihydrate is stable. 
B is the intersection of the extended experimental solubility curve E—E’ for barium 
bromide dihydrate with A’—B’, the experimental solubility curve for the new phase. 
A—C is the solubility curve for mercuric bromide in barium bromide solution. The 
experimental tie lines running from points on A’—B’ are almost parallel, and it is clear 
that the new phase consisted of a series of solid solutions. These were decomposed by 
water, mercuric bromide being formed. 

Application of the phase rule shows that, because of the sharp discontinuities at both 
A and B, neither anhydrous mercuric bromide nor barium bromide dihydrate took part in 
solid solution formation. The direction of the tie lines from A—B suggests strongly that 
no lower hydrate of barium bromide (or the anhydrous salt) was involved either (cf. system 
HgCl,-SrCl,-H,O; Bassett, Barton, Foster, and Pateman, /J., 1933, 151). It seems most 
probable therefore that solid-solution formation occurred between two salts of the form 
BaBr,,xHgBry,vH,0 and BaBry,x’HgBry,y'H,O. On the mercuric bromide-rich side 
a short extrapolation of A’—P, or any parallel line through A, leads close to 
W (BaBry,3HgBr,,9H,O) or X (BaBry,3HgBr,,8H,O): either, on the basis of the data 
available, could represent the composition of the mercury-rich member of the 
series of solid solutions reasonably well. A similar extrapolation of B’—Q leads to 
Y (BaBr,,2HgBr,,7H,O). Z corresponds to BaBry,2HgBry,6H,O; this point does not 
lie on a line parallel to B’—Q through B, and is therefore unlikely to represent a terminal 
composition for the series of solid solutions. The composition of all solid phases in this 
region thus lies probably on either X—Y or W--Y. The point R, representing the 
composition of a wet residue drained as free as possible from mother-liquor, however, falls 
on W—Y. Since it is improbable that this residue contained no mother-liquor at all, the 
line X—Y is to be preferrred as the most plausible representation of the composition of 
the solid phases formed in this region, that is, solid solution formation occurred between 
the probable limits of composition BaBr,,3HgBr,,8H,O, and BaBr,,2HgBr,,7H,O. Some 
doubt must remain concerning the proportion of water present; the assumption that the 
composition must correspond to an integral number of molecules of water of crystallisation 
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may not be correct. Some of the water of crystallisation present may be held interstitially 
since Tourneux (Ann. Chim. Phys., 1919, 11, 225) observed that hydrated double salts 
formed in the system potassium chloride—mercuric chloride-water could be reversibly 
dehydrated to some degree without change in the appearance of the crystals. 

The formation of solid solutions in systems of this kind is not unknown. Tourneux 
(loc. cit.), after careful examination of the system potassium chloride—mercuric chloride— 
water, concluded that many of the double salts which had been reported were probably 
solid solutions of 2KCl,HgCl,,H,O and KCl,2HgCl,,H,O. Bassett and his co-workers 
(loc. cit.) found evidence of mixed crystal formation between SrCl,,3HgCl,,8H,O and 
SrCl,,2H,O, though the evidence for the participation of the latter salt is not especially 
convincing. The appearance of new phases at temperatures below room temperature 


System BaBr,-HgBr,-H,.O. 
Portion of isotherm at 4-5°. 


Solution E’ 
G 
eal 
30 


25 
BaBr,(g./100g.) 


has also been observed in related systems; for example, Contet (Compt. rend., 1943, 217, 
277) isolated double salts of sodium and mercuric bromides at temperatures below 15°, 
and Foote and Bristol (Amer. Chem. J., 1904, 32, 246) showed that the salt 
BaCl,,3HgCl,,6H,O is not formed above 17-2°. A bewildering variety of hydrated double 
salts containing mercuric halides is reported in the older literature (Mellor, ‘‘ Treatise on 
Theoretical and Inorganic Chemistry,” Longmans, Green and Co., London, 1923, Vol. IV), 
and it seems possible that many of these may also be solid solutions, not more than one or 
two genuine new phases appearing in each system. 

There is, at present, little evidence concerning the nature of the new solid phases 
occurring in these systems containing mercuric halides. Dilute solutions of mercuric 
halides in aqueous solutions of other halides contain ions of the types HgX,’ and HgX,’’ 
(X = halogen) as the principal complex anions (Bethge, Jonevall-Westoo, and Sillén, 
Acta Chem. Scand., 1948, 2, 828) (Richards, Thesis, Sheffield, 1952), and it is possible that 
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these exist in the solid phases formed from these systems. The whole problem requires 
further study beyond the scope of the present investigation. 


EXPERIMENTAL 

Mercuric bromide (B.D.H., Technical) was purified by a single sublimation. Barium 
bromide dihydrate (B.D.H.) was recrystallised twice from water. Determination of the total 
bromine content of the purified salts by Friedheim and Meyer’s method (see Sutton, 
“Volumetric Analysis,’’ J. and A. Churchill, London, 12th Edn., 1935, p. 254) showed that they 
were better than 99-8% pure. 

Suitable mixtures of the three components were prepared at temperatures sufficiently above 
the working temperature to ensure complete solubility. These were then kept at the desired 
temperature in a thermostat controlled to +0-1° In work below room temperature, heat 
was extracted by means of an Electrolux refrigeration unit (Type 11 A.1) from the thermostat 
at such a rate that the thermostat-heater could maintain the bath at the desired temperature. 
The values of 7 used (other than 25°) were those which proved convenient to maintain in the 
desired temperature range. 

Preliminary experiments showed that 3—4 days were sufficient for equilibrium to be reached. 
At the end of this period, as much as possible of the supernatant liquid was removed from the 
solid by suction through a No. 4 filter stick without removal of the specimen from the 
thermostat. A weighed sample of the wet residue was dissolved in water, or in dilute sodium 
chloride solution if the mercuric bromide content were high, and both this and the supernatant 
liquid were analysed gravimetrically. The mercury was first precipitated as sulphide, the 
solution filtered, and the barium determined as sulphate. This method of analysis was checked 
against a complete range of mixtures of barium bromide and mercuric bromide and the 
experimental error found not to exceed -+-0-3°% for either salt. 

Results.—All the figures tabulated represent grams of anhydrous salt per 100 g. 
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779. Carotenoids and Related Compounds. Part IV.* A New 
Synthesis of the Capsorubin Chromophore. 


By Rasuip AuMAD and B. C. L. WEEDON. 


The nonaene diketone (I) has been prepared by condensation of the 
dimethyloctatrienedial (III) with tiglylidenepinacolone (V). 


SYNTHESIS of the nonaene diketone (I), which possesses the same chromophoric system 
as the natural carotenoid capsorubin (Zechmeister and Cholnoky, Annalen, 1934, 509, 
269; 1935, 516, 30), from the octenedione (II) was described in Part I of this series (/., 
1953, 3286). Subsequently it was shown that the dimethyloctatrienedial (III) (Mildner 
and Weedon, zbid., p. 3294) condenses readily with pinacolone to give the pentaene diketone 
(IV) (Part III). This new approach to polyenes has now been extended, and affords a 
much simpler and more convenient route to (1). 
MeCO-CH,-CH:CH:CH,COMe (II) 
CMe,°CO-CH:CH:CMe:CH:-CH:CH:-CH:CMe-CH:CH:CO-CMe, (IV) 

CMe,°CO-CH:CH-CMe:CHMe + OCH:CMe°:CH-CH:CH-CH:CMe'CHO (III) 


CMe,°CO-CH:CH:-CMe:CH°CH:CH-CMe:CH-CH:°CH-CH:CMe-CH:CH:CH:CMe-CH:CH:CO-CMe, (I) 


(V 


] 


Treatment of tiglaldehyde with excess of pinacolone in the presence of aluminium 
tert.-butoxide gave crystalline tiglylidenepinacolone (V) in 25% yield. It exhibited 
maximum light absorption at a wave-length very similar to, but of lower intensity than, 
that of authentic compounds with similar chromophores (see Table). However, both 


* Part III, J., 1953, 3299. 


pyrazoline derivative. 


Carbonyl compound * 


preclude planarity of the whole chromophore. 


stage synthesis from (II). 


EXPERIMENTAL 


5 


16-2%). Light absorption: see Table. 


absorption : see Table. 
»). 


9 
a 
7 
a 


tone.—Methanolic potassium hydroxide (1 c.c.; 5% 


added to methanolic potassium hydroxide (6 ¢.c.; ~2-5% 
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on recrystallisation from pentane (Found: C, 79-45; H, 11-1. 
H, 10:9%). Light absorption: see Table. The 2: 4-dinitrophenvihydrazone crystallised from 
methanol in orange needles, m. p. 112—113° (Found: N, 


Amax. ANA emax, Of its 2 : 4-dinitrophenylhydrazone were markedly less than those of related 
compounds, but not as low as might be expected if cyclisation had occurred to give a 


Part IV. 


2 : 4-Dinitrophenylhydrazone f 


max. Emax. “max. 

CH Me CHSC GHO: cicsswccecseses 270 ¢ 26,500 392 
CHMe(CH-CHCH-COME on. cccnescccccce 270 28,500 396 
CHPr:CEt-CH:CH-COMe ® _.........00. 282 21,000 396 
CHMe:CMe-CH:CH:CO:CMe, .......... 280 19,000 375 
* In alcohol. ft In chloroform. 


* Hausser, Smakula, Kuhn, and Hoffer, Z. physikal. Chem., 1935, 29, B, 371. 
and Richardson, /J., 1949, 287. © Bharucha and Weedon, /., 1953, 1578. 


All operations were carried out in an atmosphere of nitrogen. 

2:2: 6-Trimethylocta-4 : 6-dien-3-one (Tiglylidenepinacolone).—A mixture of tiglaldehyde 
(32 g.) (Bernhauer and Skudrzyk, J. pr. Chem:., 1940, 155, 310), pinacolone (90 c.c.) and 
aluminium fert.-butoxide (50 g.) in benzene (300 c.c.) was heated under reflux for 15 hr. and 
then cooled. Decomposition of the complex, and isolation of the product in the usual way, 
gave the ketone (15 g.), b. p. 57—58°/1 mm., which crystallised in needles, m. p. 15°, unchanged 
C,,H,,O0 requires C, 79-45; 


Emax. 
43,500 
33,500 
36,500 
22,500 


® Heilbron, Jones, 


From its mode of formation the crystalline ketone (V), and hence its derivative, probably 
possess the ¢rvans-configuration about each carbon-carbon double bond. 
explanation of the spectral effects is suggested by a study of scale models. 
that there is slight steric interference between the fert.-butyl group and the unsaturated 
side chain in an s-trans-configuration of (V)._ The resulting loss in planarity of the chromo- 
phore would lower ema:, slightly, but not shift Amax. (cf. Braude, Jones, Koch, Richardson, 
Sondheimer, and Toogood, /., 1946, 1890; Bharucha and Weedon, /., 1953, 1571, 1578) ; 
this agrees well with observation. With the dinitrophenylhydrazone there is clearly 
strong interference between the ¢ert.-butyl group and the >NH-group, unless the dinitro- 
phenylhydrazine residue is syn to the unsaturated side chain. 
marked lowering of both Amax, and emax, is to be expected (cf. locc. cit.). 
explanation that in these compounds the unsaturated side chain is attached by a carbon- 
carbon bond with an s-cts-configuration cannot be definitely excluded (cf. Barton and 
Brooks, J., 1951, 261; Turner and Voitle, J]. Amer. Chem. Soc., 1951, 73, 1403), but this 
seems most unlikely with the dinitrophenylhydrazone as steric interference would still 


A_ possible 


These indicate 


In either event the observed 
The alternative 


On condensation of the dimethyloctatrienedial (III) with tiglylidenepinacolone (V), 
in the presence of alcoholic alkali, the pure nonaene diketone (1) crystallised from the 
reaction mixture in 1—2% yield, t.e., about ten times the overall yield achieved in the six- 


16-45. C,,H,.O,N, requires N, 


The 2: 4-dinitrophenylhydvazone of crotonylideneacetone crystallised from ethyl acetate 
rh 2: 4-dinitroph lhyd f tonylid t ystallised from ethyl acetat 
in red needles, m. p. 205—206° (Found: N, 19-4. C,3H,,O,N, requires N, 19-3%). Light 


>6:10: 15:19: 23 : 23-Octamethyltetracosa-4:6:8: 10:12:14: 16:18: 20-nonaene- 


w/v) was added to a solution of 


» 
2: 7-dimethylocta-2 : 4: 6-triene-1 : 8-dial (40 mg.) in tiglylidenepinacolone (1 c.c.) and the 


9.%0/ 
2'0'/o 


mixture was kept for 20 hr. at 20°. More methanolic potassium hydroxide (5 c.c.; ~2-5° 
w/v) was then added. When the resulting solution was kept at 20° for a period which varied 
from 4 to 48 hr. in different experiments, the nonaene diketone (1—1-5 mg.) crystallised out 
and had m. p. 220—221° (Kofler block). Light absorption in benzene : 
my. The product was identified by a mixed m. p. determination, and by a mixed chromatogram 
with the specimen described in Part I which had the same m. p. and light absorption properties. 
When a solution of the dimethylocatrienedial (40 mg.) in tiglylidenepinacolone (1 c.c.) was 
w/v), spectrosco 


maxima, 486 and 518 


yic examination 
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of the resulting mixture (kept at 20°) at intervals up to 20 hr. revealed none of the nonaene 
diketone. Chromatography of the crude product gave an orange-yellow band which exhibited 
maximum light absorption (in CHCl,) at 425 mu, probably due to a hexaene keto-aldehyde 
formed by condensation of the starting materials in equimolar proportions. [A similar con- 
densation of the dimethyloctatrienedial with crotonylidenepinacolone (2: 2-dimethylocta- 
4 : 6-dien-3-one) also gave a half condensation product (in 5% yield); it crystallised from 
chloroform—pentane and had m. p. 149—152°. Light absorption (in CHCl,): maxima, 395, 
and 416 mu; ¢ = 90,000 and 88,000 respectively. ] 

An attempt to condense dimethyloctatrienedial with tiglylidenepinacolone in the presence 
of aluminium fert.-butoxide in benzene was unsuccessful. 


Analyses and light absorption measurements were carried out in the microanalytical (Mr. 
F. H. Oliver) and spectrographie (Mrs. A. I. Boston) laboratories of this Department. One 
of us (R. A.) thanks the Royal Commission for the Exhibition of 1851 for an Overseas Scholarship. 
DEPARTMENT OF ORGANIC CHEMISTRY, 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, : 
SouTH KENSINGTON, Lonpon, S.W.7. (Received, July 24th, 1953.) 


780. Interaction of Polynitro-compounds with Aromatic Hydrocarbons 
and Bases. Part XI.* A New Method for determining the Association 
Constants for Certain Interactions between Nitro-compounds and Bases 


in Solution. 
By R. Foster, D. Li. HAmmick, and (Miss) A. A. WARDLEY. 


A new relation between the optical density D and the association constants 
of the coloured products of the reaction in solution between nitro-compounds 
and bases is developed. The relation is limited to cases where the absorption 
of the interactants does not significantly overlap that of the products. The 
value of x in the formula AB, for the product of interaction is also readily 
obtained, and a check on the validity of the relation is made by a comparison 
of » for the interaction between s-trinitrobenzene and (1) diphenylamine, (2) 
dimethylamine. The compositions of the complexes, 1: l and 1: 4, respectively, 
are confirmed by the method of continuous variations (Vosburgh and Cooper, 
J. Amer. Chem. Soc., 1941, 68, 437). 


THE extent of interaction between nitro-compounds and bases (amines and “ generalised ”’ 
bases such as aromatic hydrocarbons) has frequently been estimated from measurements 
of the intensity of the colour developed on mixing them in inert solvents. An inherent 
defect in the methods used to derive dissociation or association constants for the coloured 
complexes has been the impossibility of a direct determination of their extinction 
coefficients. Attempts have been made to overcome this difficulty by temperature 
variation, the assumption being that the extinction coefficients are not appreciably 
temperature-variant (Hammick and Young, /., 1936, 1463; Hamilton and Hammick, 
J., 1938, 1356; Hammick and Yule, /., 1940, 1539). More recently, Edmonds and 
Birnbaum (J. Amer. Chem. Soc., 1941, 63, 1471), corrected by Amis (tbid., 1952, 74, 1340), 
Hildebrand, Benesi, and Mower (:bid., 1950, 72, 1017), Landauer and McConnell (td7d., 
1952, 74, 1221), and Andrews and Keefer (rbid., 4500), have obtained general expressions 
directly connecting the association constants with the extinction coefficients of the 
reactants and the optical densities of the products of the interaction. However, in 
systems where the reactants do not absorb at the same wave-lengths as the product, it is 
possible to derive a much simpler relation from which the association constant may be 
readily obtained. 

For complex formation between a molecule of a substance A and a species of molecule B, 


* Part X, J., 1950, 1089. 
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involving an equilibrium in solution, we have A + ”B = AB, (where AB, is the 
complex). The association constant is defined as : 
ee ON | ne || 
If A represents one species of molecule and a its initial concentration, B representing 
the second species of molecule and 6 its original concentration, and ¢ the concentration 
of the complex, then equation (1) becomes : 
K = c/(a — c)(b — cc)" ee 0 a ke a ee 
If b is made very much larger than a, then c is small compared with b and (b — c) = 8, 
whence equation (2) becomes : 
K = c/(a — c)b” a a a ee a 
If the optical density D of the solution containing the complex is measured at a wave- 
length at which the extinction coefficients of A and B are negligible, « being the extinction 
coefficient of the complex at that wave-length, then assuming that only one species of 
molecule is present and bearing in mind that c = D/e, we have by equation (3) : 


K = D/(ae — D)b*or Kas — KD=D/b" . . . . . (4) 


A plot of D/b" against D should be linear, the gradient being equal to —K, the intercept 
with the x-axis being ac. 

This relationship has been tested for the interaction of diphenylamine and s-trinitro- 
benzene in chloroform and also for the interaction of dimethylamine and s-trinitrobenzene 
in dioxan. 

EXPERIMENTAL 

All concentrations are expressed in mole/I., the association constants having the dimensions 
of (1./mole)". 

Analytical Methods.—All solutions were made up by weight, except those of dimethylamine 
which were standardised by titration. The optical densities were measured by using a Beckman 
Quartz Spectrophotometer (model DU) with 10 mm. cells. 

Materials.—s-Trinitrobenzene. This was recrystallised four times from alcohol; it had 
m. p. 122°. 

Dimethylamine. Obtained by decomposing recrystallised dimethylamine hydrochloride 
with sodium hydroxide, the gas being subsequently dried by passage through a quick-lime tower 
and condensed in a trap cooled with ‘‘ Drikold.’’ 

Diphenylamine. A specimen, m. p. 53°, twice recrystallised from alcohol was used. 

Diovan. Purified by the method described by Vogel, ‘‘ A Textbook of Practical Organic 
Chemistry,’’ Longmans, London, 1948, p. 175, it had n}?? 1-4224. Hess and Frahm (Ber., 1938, 
71, 2627) give n7? 1-42241. 

Chloroform. This was washed six times with half its volume of water, dried (CaCl,), and 
distilled; it had nf 1-4457. Gorke, Koppe, and Staiger (Ber., 1908, 41, 1156) give nj? 1-4455. 


RESULTS 


Diphenylamine and s-Trinitrobenzene in Chloroform Solution.—The optical densities D of a 
series of solutions were measured at 460 my at 19°. All the solutions were 0-00192m with 
respect to s-trinitrobenzene, the concentration of diphenylamine, b, ranging from 0-0413m to 
0-4127M, in accordance with the conditions of equation (4). The wave-length (460 my) at 


TABLE lI. 
[NHPh,] (4), 

D D/b D jb? mole /1. D D/b D/b? 
0-457 1-017 2-682 0-2063 0-250 1-212 5-875 
0-419 1-128 3-037 0-1650 0-204 1-236 7-491 
0-378 1-145 3-469 0-1238 0-155 1-252 10-11 
0-337 1-166 4-036 00825 0-106 1-281 15-53 
0-295 1-191 4-810 


which the measurements were made is that of maximum absorption of the complex; in this 
region both the components have negligible extinction coefficients. 
The linearity of the plot of D/b against D as opposed to the plot of D/b? against D (Table 1) 
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suggests that the complex is of the type AB rather than AB,. The gradient gives an association 
constant of 0-5, 1./mole for a 1: 1 complex. 

Because of the solubility of s-trinitrobenzene in chloroform it was possible to repeat the 
determination, varying the s-trinitrobenzene concentration (b), with the amine concentration 


TABLE 2. 
(CgH(NO,)5] (0), (C,H3(NO,)5) (8), 
mole/l. D D/b D/b* mole/l. D D/b D/t? 
0-2792 0-496 1-776 6-361 0-1675 0-313 1-869 11-16 
0-2513 0-452 1-799 7-159 0-1396 0-265 1-898 13-60 
0-2234 0-406 1-817 8-159 0-1117 0-214 1-916 17-15 
0-1954 0-359 1-837 9-401 0-0838 0-163 1-945 23-21 


constant (at 0-00243m) throughout a series of solutions. The results (Table 2) again indicate 
that the complex is 1: 1, the plot of D/b against D being linear and that of D/b? against D non- 
linear. [In this latter case a refers to the base, in conformity with the symbols used in deriving 


Fic. 1. 


\ 1 1 

0-0090 0-05 44 0/088 O-1632 O87 
[e-Trinitrobenzene}mole// 

0:2720 0:2/76 O/632 0/088 0-0544 
[Di melthylamine ], mole/1. 


equation (4).] From the gradient of the plot of D/b against D the association constant is 
0-4, 1./mole. 

The conclusion that diphenylamine and s-trinitrobenzene form, at least mainly, a 1: 1- 
complex in chloroform solution, is supported by the result of applying the method of continuous 
variations (Vosburgh and Cooper, J. Amer. Chem. Soc., 1941, 63, 437), to the system 
(see Table 3). However, the solid which crystallises from chloroform is a complex of 1 molecule 
of diphenylamine and 2 molecules of s-trinitrobenzene (Pfeiffer, ‘‘ Organische Molekulver- 
bindungen,’’ Enke, Stuttgart, 1927, p. 243). 


TABLE 3. 

C,H;(NO,)3], [NHPh,], D (460 [C,H,(NO,),], [NHPh,], D (460 [C,H;(NO,)3], [NHPh],, D (460 
mole /1. mole /I. my) mole /l. mole /1. my) mole /1. mole/I. my) 
0-0315 0:0035 0-121 0-0210 0-0140 0-318 0-0105 0-0245 0-275 
0-0280 0-0070 0-218 0-O175 0-O175 0-330 0-0070 0-0280 0-213 
0-0245 00105 0-275 0-0140 0-0210 0-318 0-0035 0-0315 0-121 


Dimethylamine and s-Trinitrobenzene in Diovan.—The optical densities of a series of solutions 
were measured at 475 my and 19°. The solutions were 0-0018m with respect to s-trinitro- 
benzene, and from 0-456 to 0-721m with respect to dimethylamine. Plots of D/b” against D, 
where 2 = 1, 2, 3,. . . 6 (Table 4) suggest, by the linearity of the D/b‘ against D curve (Fig. 1), 
that the complex is 1 molecule of s-trinitrobenzene to 4 of dimethylamine. The gradient then 
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TABLE 4. 


(NHMe,] (6), 
mole /l. D Dib D/|b? D/b? D|bs 


0-721 0-200 0-277 0-385 0-534 0-740 

0-685 0-180 0-263 0-384 0-560 0-817 

0-646 0-155 0-240 0-371 0-575 0-890 

0-608 0-139 0-229 0-376 0-618 1-017 

0-570 0-120 0-210 0-369 0-648 1-137 

0-532 0-098 0-184 0-346 0-651 1-223 

0-494 0-079 0-160 0-324 0-655 1326 

0-456 0-063 0-138 0-303 0-665 1-458 
gives an association constant of 0-53 (mole/l.)-*. The multiplicity of the complex is confirmed 
by the method of continuous variations (Fig. 2). 


One of us (R. F.) acknowledges a grant from the Department of Scientific and Industrial 
Research. 


THE Dyson PERRINS LABORATORY, 
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781. The Tautomerism of 5-Amino-l-aryl-1 : 2: 3-triazoles. 
By B. R. Brown, D. Li. HAmmick, and S. G. HERITAGE. 


The rates of isomerisation of ethyl 5-amino-1l-phenyl-1 : 2 : 3-triazole-4- 
carboxylate have been measured in ethyl alcohol at 70°. It is found that : 
(i) at low values of [H*] (<10~4 mole/lI.), rate of reaction = &[triazole][H*]; 
(ii) at all values of [H*] >10-* mole/I., rate of reaction = k’[triazole]; (iii) 
electron-attracting groups in the para-position of the l-phenyl group increase 
the rate of the forward reaction and decrease that of the back reaction; elec- 
tron-repelling substituents have the opposite effect. A mechanism is sug- 
gested that is consistent with these observations. 

Arrhenius energies, E, and PZ factors are recorded for a number of 5- 
amino-l-aryl-1 : 2 : 3-triazoles in ethyl alcohol. 


DimrotH (Annalen, 1908, 364, 183) established that 5-amino-l-aryl-1 : 2 : 3-triazoles (I) 
exist in solution or in a melt in tautomeric equilibrium with 5-anilino-1 : 2 : 3-triazoles (II). 
He (ibid., 1910, 377, 127) made a cursory study of the tautomerism of ethyl 5-amino-1- 
phenyl-1 : 2 : 3-triazole-4-carboxylate in alcohol and in benzene at 60°, and found that there 


' (II) 
HNC’ S\N 


RC N 
was a slow autocatalytic approach to equilibrium in the absence of added acid, but that in 
the presence of picric acid (only one concentration investigated) the reaction rate was 
increased, and a first-order rate law was followed. To elucidate the mechanism of the 
tautomerism, it seemed desirable to study the kinetics of the autocatalysis and of the 
apparent acid-catalysis in greater detail, and to determine the effect of substituents in 
the aryl group. 
EXPERIMENTAL AND RESULTS 

Reagents.—Ethyl alcohol was purified by distillation at atmospheric pressure, and had 
b. p. 78:0°. Picric acid was twice recrystallised from alcohol and obtained as yellow needles, 
m. p. 123°. The amino-triazoles were prepared according to the general method of Dimroth 
(ibid., 1908, 364, 183), recrystallised from water or alcohol, and dried at room temperature in a 


vacuum. 
Preparation of 5-Amino-1-aryl-1 : 2: 3-triazole-4-carboxylic Esters. General method.—A 
mixture of equivalent quantities of an aromatic azide (about 7 g.) and cyanoacetic ester, with 
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sodium ethoxide (3-5 g.) and alcohol (30 ml.), was heated gently, and then kept at room temper- 
ature for about 3 hr. Water was added, and the solid triazole crystallised several times from 
alcohol. The properties of the compounds prepared in this way are recorded in Table 1. 


TABLE 1. 5-Amino-1-aryl-1 : 2 : 3-triazole-4-carboxylic esters (I; R’ = CO,Et). 
R NO, * Br f 
RR tt 75° 156° t 166 ° 
Po a 5 error 5: 63 81 
Formula ........-00005 Gy aN CyHyONs C,,H,O,NyBr C,H ON, C,,H, 
Found ( : OS6 47°85 --- 55-0 f 
4-0 
25-6 
Reqd. (%): C 58- 47-7 
4-0 
25-3 17-6 
* This compound is the acid isomer, ethyl 5-p-nitroanilino-1 : 2 : 3-triazole-4-carboxylate. The 
rate of isomerisation of the neutral isomer is too fast to measure. Crystallisation from alcohol results 
in complete conversion into the acid isomer. ft Found: Br, 25-8. Required: Br, 253%. 


t Yellow; the others are colourless; all are needles. 


Method of Analysis——Dimroth (ibid., 1910, 377, 211) showed that the acid isomer, ethyl 
5-anilino-1 : 2 : 3-triazole-4-carboxylate, could be titrated with alcoholic potassium hydroxide 
by using phenolphthalien as indicator. This has been confirmed : 

"EPURONE CR i eisaeccacacavasayuddsn eeacestenkhiteeas 0-2472 0-3938 
0-0743n-KROE (mil); FOand: i... c.ccccssessssccess 4 22-85 
CAs, sais secacaesexceresceceunecceis meen’ “35 22-85 

Kinetic Measurements.—Solutions of known amounts of the neutral triazole isomers in 
alcohol (about 4 x 10™? mole/1.) in presence of known amounts of added acids (picric or per- 
chloric) were kept at constant temperature. Equal portions were withdrawn at known times, 
and the quantity of acid isomer present was measured by titrating with standard alcoholic 
potassium hydroxide (titre value * ml. at time ¢ sec.). The mixture was kept at constant 
temperature until equilibrium had been established, whereupon a further portion was withdrawn 
and titrated. This equilibrium value (£ ml.) was checked by a further titration after several 
more hours. The sum of the first-order constants for the forward and the back reactions 
(k, -+ k,) was obtained from the equation (k, + k,)t = 2-303 [log,, E — logy, (E —*)], by plotting 
log,) (E —*) against ¢. 

Equilibrium Constants K = Cacia/Cheutral-—A known weight (w) of triazole dissolved in 
alcohol was kept for about 5 days at the appropriate temperature. The concentration of acid 
isomer present at equilibrium was determined by titration. Several determinations were made 
at each temperature. The equilibrium constant as computed involves the titre value (v) 
in the form kv/(w — kv), where k is aconstant; errors in v have the smallest effect on K when 
K is near unity. This is brought out by the figures quoted below. Very high or very low values 
of K are less consistent, as shown by the variations in the following typical results (I ==> IT; 
R’ = CO,Et) for K (at 50°) for the followings R groups: OMe, 0-49, 0-49, 0-61; Me, 1-07, 1-04, 
1:05; H, 3-1, 2-8, 2-8; CO,Et, 62, 47. 

Initial Autocatalysis.—Experiments carried out on ethyl 5-amino-1-phenyl-1 : 2 : 3-triazole- 
4-carboxylate at 70° without the addition of acids showed that the reaction was autocatalytic, 
but that the first-order rate constant (k, + k,) finally attained a constant value (Table 2 and 
Figs. 1 and 2). 

TABLE 2. Autocatalysis at 70-0°. 
Ethyl 5-amino-l-phenyl-1 : 2 : 3-triazole-4-carboxylate (4:51 x 10°% mole/l.) in ethyl alcohol. 
10-0 Ml. withdrawn for each titration. 
Run 1: 0-023n-KOH 


she = a . 
t (sec.) Titre (x ml.)  ¢ (sec.) Titre (x ml.) t (sec.) 
0 0:35 5,700 4:95 0 0-30 5100 
600 0-40 6,600 6:10 600 0-35 5700 
1200 0-60 7,800 7-60 1200 0-50 6300 
1800 O-85 8,400 8:30 1800 0-55 6900 
2400 . 9,000 8-95 2400 0-85 7500 
3000 “8 9,600 9-55 3000 1-25 $100 
3900 2-8: 10,200 10-10 3600 1-75 9300 
4500 . ea) 17-20 4500 2-70 i) 
5100 , 
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Since the acid dissociation constant of the acidic isomer is not known accurately in alcohol 
at 70°, it is not possible to investigate directly the variation of reaction rate with increase of 
hydrogen-ion concentration during the reaction. However, in the following way it is possible 
to derive a quantity which is proportional to the average hydrogen-ion concentration over a 
short period of time (¢, -- t,) sec. If *#, and x, are the titre values at times ¢, and #,, and E is 
the equilibrium titre at ¢,,, then 


(ky + hy) = 


For the weak acid isomer TH, we have the dissociation : 
TH + EtOH == T- + EtOH,’ 
(4 — a) a a mole/1. 
where a will be small since the dissociation constant, Ky, of the weak acid will be even smaller 
in alcohol than in water. Whence, 
K, = a?/(A — a), 1.e., [EtOH,*}* = K,(A — a) ee ee 


The average titre over the short period (¢, — ¢,) is (¥, + %¥,)/2, and since a is small, (4 — a) Z 


A = n(%, + *,)/20, if 10-0 ml. are withdrawn and titrated against nN-KOH. Substitution into 
(X) yields [EtOH,*] = V nkx,/20(%, + %,). A plot of (A, + 
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Run 2 of Table 2 (V(x, + %,) axis moved 2-0 units). 


equivalent to a plot of (k, + &,) against [EtOH,*]. These plots are shown in Fig. 1, and show 
that the initial rate is proportional to the concentration of hydrogen ion. It will be noticed 
that Dimroth’s results (ibid., p. 160) at the lower temperature of 60° have apparently not 
reached the “‘ threshold ’’ at which the rate becomes independent of the hydrogen-ion concen- 
tration. 

Final Rate Independent of Acid Concentration.—The attainment of a constant rate after a 
certain minimal hydrogen-ion concentration has been reached, which is shown by the limiting 
value of (k, + k,) reached by our lines in Fig. 1, has also been confirmed by addition of picric 
acid at various times to autocatalytic runs. The results are shown in Fig. 2. 

The rate of isomerisation of ethyl 5-amino-1l-phenyl-1 : 2 : 3-triazole-4-carboxylate in presence 
of various concentrations of acids above the initial minimum of <10~4 mole/I., has been found 
to be independent of the nature and concentration of the added acid. The absence of a salt 
effect has also been demonstrated for this acid-independent part of the reaction (Table 3). 

Substituted 5-Amino-1-phenyliriazoles—The rate constants for isomerisation (k, + k,), 
and the equilibrium constants (K = k,/k,) have been measured for some para-substituted 5- 
amino-1-phenyltriazoles in alcohol in the presence of perchloric acid; from these, separate 
values of &, and k, were calculated (Tables 4 and 5). Good linear plots are obtained when Ham- 
mett’s equation is applied to the results recorded in Table 4. 
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TABLE 3. Effect of added acid. 
Ethyl 5-amino-l-phenyl-1 : 2 : 3-triazole-4-carboxylate in ethyl alcohol at 70-0°. 
Picric actd 

io = $y Perchloric acid 

10! (ky + Ry) 104 (k, + he pes riick ean ot Mite a 
Mole /1. (sec.~?) Mole /1. (sec.~!) Mole /I. LiBr (mole/l.) 10° (Rk, + &,) 
0-00 1-27 (final rate) 0-00500 1-41 0-00290 —_ 1-43 
0-:000137 1-31 0-0113 1:33 0-00116 ~- 1:38 
0-000411 1-43 0-O188 1:36 0-00116 0-207 1-42 
0-00100 1-33 0-0376 1-41 0-00232 0-423 1-36 
0-00200 1-30 


TABLE 4. para-Sudbstituted 5-amino-1-phenyltriazoles (I; R’ = CO,Et). 
(ky + Ry) PZ .e-E/RT 

104 (Ry -t k,) (sec.~!) 

= heli A Shean E 

50° 60° 70 (cal. /mole) log.) PZ 
0-098 0-290 0-85 22,800 16-5 
O-110 0-370 1-00 22,600 16-5 
0-150 0-460 1-36 22,500 16-5 
0-220 0-710 1-90 22,300 16-5 
0-580 1-90 5°30 22,100 16-8 


TABLE 5. Rates of forward and back reactions. 
para-Substituted 5-amino-l-phenyltriazoles (1; R’ 
50 


pide = rr 
10°, 10°, 
3-3 6-5 


DISCUSSION 

A satisfactory mechanism for the tautomerism must explain the following facts : 

(1) At extremely low values of [H*] (less than 10 mole/1.), 

rate of reaction = &/triazole}{/H*} ats eters (i) 

(2) At all values of [H*] greater than 10™4 mole/1., rate of reaction = k’[triazole}] . (ii) 

(3) Electron-attracting groups in the para-position of the l-phenyl group increase the 
rate of the forward reaction and decrease that of the back reaction; electron-repelling 
substituents have the opposite effect. 

Two general mechanisms can be proposed for the reversible isomerism of amino-tri- 
azoles : (1) those which involve isomerisation, reaction with a solvated proton, and further 
isomerisation : 

R H 
HNC \y =~ 1 + Ht = I+ = VHt = I +Ht = RHN-CANN 
Rt—N is a aay pits RBG 
(T (P) 
in which I and I’ are unspecified isomers: and (2) those which involve initial reaction of the 
triazole with a proton, and rearrangement of the protonated molecule to give the isomer : 
23+ Ht => IX? == YH == BY +P 
An immediate distinction between those two general mechanisms can be made on the basis 
of our experimental findings. Application of Christiansen’s method (Z. phystkal. Chem., 
1935, 28, B, 303; 1936, 33, B, 145; 1937, 37, B, 374) for consecutive reactions yields the 
following different rate equations for the two mechanisms : 
k(H*]((T] + [P)) 
1+ k'[H*] — 
Rate of reaction = k’’[H*}([T] + [P}) 


Rate of reaction 
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Since we have found (Figs. 1 and 2; Table 2) that the rate is directly proportional to the 
hydrogen-ion concentration at very low values [equation (i)], but that above a very small 
minimal concentration no further increase of rate occurs with addition of hydrogen ion 
(equation (ii)], mechanism (2) is quite inadequate. Furthermore, though, under certain 
conditions, a mechanism of the type (2) can cause the velocity to increase less rapidly 
than the hydrogen-ion concentration (Bell, ‘‘ Acid-Base Catalysis,’’ Oxford Univ. Press, 
1941, p. 125), this would be expected to occur at very high hydrogen-ion concentrations 
(op. cit., p. 126), not, as in this reaction, at remarkably low hydrogen-ion concentrations. 
Equation (1) predicts the general shape of curve which we have found (Fig. 1), with a 
rounding off near the threshold hydrogen-ion concentration, which our measurements are 
presumably not accurate enough to detect. The value of the critical hydrogen-ion con- 
centration for the change from a rate governed by equation (i) to one governed by (ii) 
cannot at present be predicted, but will depend upon the relative values of & and ’ in (1), 
which reduces to (i) and (ii) for small and large hydrogen-ion concentrations respectively. 
For the amino-triazole tautomerism the critical hydrogen-ion concentration is exceedingly 
small. 

The structures of the intermediate isomers I and I’ in mechanism (Ll) cannot be deter- 
mined directly from our kinetic results, but they can be inferred with reasonable accuracy, 
since the analogous tautomerism of l-aryl-5-hydroxy-1 : 2: 3-triazoles (III) (Dimroth, 
Annalen, 1904, 335, 1; 1905, 3388, 143; 1910, 378, 336; 1913, 399, 91; Brown and 
Hammick, /., 1947, 1384) is known to involve open-chain aliphatic diazo-compounds (IV). 

R R 
(IIT) HoO—(/* N O=¢ _" (IV) 
i Sree, @ N R’—C=N—=N 
The amino-triazole tautomerism could occur through similar open-chain intermediates, 
thus avoiding the necessity to postulate migration of a phenyl group from nitrogen to 
nitrogen. Incorporation of this idea into the mechanism (1) derived from our results 
yields the following scheme : 


a 


N 


R-NI LC a 
R’°*C=N—N 
) 


iy 
An interesting feature of this mechanism is that a single protonated intermediate (IH*), 
an amidine cation, is formed from I and I’, so that IH* and I’H* of mechanism (1) are 
resonating canonical forms of a single structure. Our experimental results on the effect of 
substituents in R refer to the reaction in presence of excess of acid, when (a) is the rate- 
determining step of the forward reaction, production of the acid isomer, and (b) that of the 
reverse reaction, production of the neutral isomer. Electron-attracting groups in the 
para-position of the phenyl group of the neutral isomers are expected to decrease the 
resonance energy of the triazole ring, and thus to facilitate formation of the open-chain 
isomer with a resultant increase of reaction rate. Electron-repelling groups will have the 
opposite effect. Our experimental results (Table 5) are therefore consistent with the pro- 
posed mechanism. The effect of substituents on the rate of the back reaction is not so 
easily inferred, since, in the acidic isomer, the substituted nitrogen atom is not a part of 
the triazole ring. The only safe conclusion is that the effect of substituents on the rate- 
determining step (5) will be less than on the step (a). The direction of the effect is indeter- 
minate from electronic considerations (cf. Table 5). 

The most interesting feature of the kinetics and of the proposed mechanism of the 
reaction is the dependence of the rate on hydrogen-ion concentration at extremely low 
values, and the postulation under such conditions of a rate-determining step involving a 
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reaction which might normally be expected to be almost instantaneous, viz., the reaction 
of an amidine with a solvated proton: 
H.N. ,NR + EtOH,t == H,N..,NHR + EtOH 
NC4 C4 
i ' 
A similar effect has recently been reported by Bell and Spiro (J., 1953, 429) for the base- 
catalysed bromination of ethyl malonate in which the velocity varies with the bromine 
concentration at low values, and is determined by the rates of reaction of the enol and of 
the anion with bromine. A comparison of the equilibrium concentrations of the labile 
intermediates involved is instructuve. For our autocatalytic runs (Fig. 1) at low [H*] we 
have : 
‘ k 
T = 1+ H* —> etc. 
Rate of reaction = Rops,[T] = A{I)[H*] 
Consider [I] when [T] = 1: 
Rovs, = R(D[H*] = AV nk, /20. V(x, + x0) (see p. 3822) 


Hence the slope of the lines in Fig. 1 is equal to k/ 1) Vnk,/20. K,inalcohol can be estimated 
to be about 10°) since the corresponding values for pyrrole and phenol in water are 10716 
and 10°79, Hence &{I] can be calculated. The neutralisation of an amidine being assumed 
to require negligible activation energy, k ~ 3 x 10!! 1. mole? sec.“!, the gas collision 
number; whence the following values are calculated for [I] from Fig. 1: 1077 mole/I. 
at 70° and 2 x 10°8 mole/]. at 60°. From values quoted by Bell and Spiro (loc. cit.) con- 
centrations of the same order, viz., 10° and 2 « 10°7 mole/l., are calculated for the enol 
and the anion of ethyl malonate in equilibrium with 1 mole/l. under their experimental 
conditions. 


Dyson PERRINS LABORATORY, 
SouTH ParRKs ROAD, OXFORD. [Received, June 24th, 1953.) 


782. The Mechanism of Decarboxylation. Part VII.* The 
Decarboxylation of «-Amino-acids in Benzaldehyde. 
By D. Li. Hamnick, A. M. Rog, F. W. Weston, and K. D. E. Wuitinc. 


The decarboxylation of a number of «-amino-acids in benzaldehyde yields 
2-hydroxy-1: 2-diphenylethylamine. The reaction is interpreted as involv- 
ing decarboxylation of azomethinecarboxylic acids, R’*CHIN-CHR:CO,H 
by a mechanism analogous to that of the decarboxylation reactions of 
picolinic and similar acids with carbonyl groups. 


SCHONBERG, MoOuBASHER, and MostTaFaA (J., 1948, 176), Baddar (/., 1949, S 163; 1950, 
136), and Baddar and Iskander (Nature, 1951, 167, 1069) have shown that the breakdown 
of «-amino-acids to amines and aldehydes by interaction with certain carbonyl compounds 
(the Strecker degradation) probably proceeds through the intermediate formation of 
azomethinecarboxylic acids of type (I), which lose carbon dioxide and a proton to give 
the mesomeric anion (II). Combination with a proton can occur at (a) or (5), and in fact 
mixtures of isomers are obtained after hydrolysis of the resulting Schiff bases. 


ee ee 
R”CH:N-:CHR:CO,H R’“CH—N—CH:R 
(a) (6) 
(I) (IT) 


The extreme electronic forms of (II) are 


R’CH—N=CH-R and R“CH=N—CH-R 
( (a) (b) 


(a) (Ab a 


which in some respects resemble the anions apparently produced in the course of the 
decarboxylation of picolinic and similar acids in the presence of aldehydes and ketones, 
* Part VI, /., 1951, 1384. 
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described in previous Parts of this series (Dyson and Hammick, /., 1937, 1724; Ashworth, 
Daffern, and Hammick, /., 1939, 809; Biown and Hammick, /., 1949, 173; see also 
Mislow, /. Amer. Chem. Soc., 1947, 69, 2559; Brown, Hammick, and Thewlis, Nature, 
1948, 162, 73; Brown, /J., 1949, 2577). For these reactions we may write: 


+ R’CHO + H* 


i Ge 


‘| ws »7 
\y/CHR"OH 


and it occurred to us that the anils from «-amino-acids (I) might react in the same way. 
If they did, two reaction paths could be followed, according as to which carbon atom (a) 
or (6) in (II) attacks the carbon atom of the carbonyl group. Thus, for the decarboxylation 
of the amino-acid R-CH(NH,)CO,H in the presence of the aldehyde R’*CHO, we might 
expect : 

R’CH=N—CHR Route R“CH=N—CHR = +H,0 | R-CH-NH, 

) (6 ———— c , zs Ly a m 

a 7 CO, ? + R-CHO + Ht HO-CHR’ ———> R’-CH-OH 
R’-CH=N- CHR > (II) + R’“CHO 

CO,H  -Ht 
(I) R“CH—N=CHR Route (ii) R“CH—-N=CHR-  +H,0 R“CH-NH, 
——_—_——__> ,.). 
(a) (6) tRcHOGE 6R’CH-OH ——> R-CH-0OH 
(IIT) 
+ R-CHO 


By route (i), differently substituted hydroxyethylamines should be expected from 
different amino-acids, whereas route (ii) should give, for a particular carbonyl compound, 
always the same amine. Decarboxylation of a series of «-amino-acids in benzaldehyde, 
including the dibasic glutamic acid, has given a mixture of the stereoisomerides of 2- 
hydroxy-l! : 2-diphenylethylamine (III; R’ = Ph). We have not obtained any products 
indicating that route (i) has been followed to any appreciable extent, nor has the reaction 
so far been successful with aromatic ketones or aromatic aldehydes other than benzaldehyde 
and anisaldehyde. 

EXPERIMENTAL 

All the decarboxylations were carried out under similar conditions, which are described 
for the typical case of pL-alanine. 

Decarboxylation of pL-Alanine in Benzaldehyde.—p.-Alanine (10 g., 0-11 mole) and freshly 
distilled benzaldehyde (100 c.c., 1 mole) were heated in a 200-c.c. Claisen flask (thermometer 
in liquid), fitted so that gases evolved were passed through a trap cooled by solid carbon 
dioxide and alcohol into a test-tube containing lime-water. At about 120° the alanine dis- 
solved with effervescence, and heating was continued so as to distil off water formed but as far 
as possible retain the benzaldehyde (2—5° below the b. p.). After 5—10 min. evolution of 
carbon dioxide practically ceased; in the trap were found ice, acetaldehyde, and a little 
benzaldehyde. The cooled deep red reaction mixture was shaken with 6N-hydrochloric acid 
(200 c.c.) and distilled in steam to remove all the benzaldehyde. The hot acid solution was 
boiled with 2 g. of animal charcoal, then filtered, and the boiling filtrate was cautiously made 
alkaline with pellets of sodium hydroxide. This treatment was necessary in order to ensure 
the precipitation of the bases in a crystalline and filtrable form. After several hours the solid 
was collected, washed with water, and dried to give 2 g. of crude product (8-4%). 

The two racemic forms of 2-hydroxy-1: 2-diphenylethylamine were separated from the 
crude product by shaking with ether (150 c.c.), in which the iso is much more soluble than the 
normal isomer. The residue, reqrystallised from benzene, had m. p. 163—164° (Found: C, 
78:8; H,68; N,6-7. Calc. forC,gH,,ON: C, 78-8; H, 7-0; N, 6-6%), unaltered by admixture 
with an authentic specimen of normal 2-hydroxy-1 : 2-diphenylethylamine (Weijlard, Pfister, 
Swanezy, Robinson, and Tishler, J. Amer. Chem. Soc., 1951, 78, 1216). The N-acetyl derivative 
(from ethanol) had m. p. 196°; Séderbaum (Ber., 1896, 29, 1210) gives m. p. 196—197°. 

The ethereal filtrate was evaporated and the sticky residue taken up in hydrochloric acid, 
boiled with charcoal, and made alkaline with sodium hydroxide. The solid which separated 
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was recrystallised three times from boiling water until a constant m. p. (128°) was obtained 
(Found: C, 78-9; H, 7-1; N, 65%). The m. p. was undepressed on admixture with an 
authentic specimen of the iso-amine (Weijlard et al., loc. cit.). The N-benzoyl derivative 
(from light petroleum, b. p. 60—80°) had m. p. 221—222°. Auwers and Sonnenstuhl (Ber., 
1904, 37, 3937) give m. p. 22% 

The yields of crude hydroxydiphenylethylamine obtained with other amino-acids were : 
glycine 5, alanine 8-4, a-aminotsobutyric acid 5, tyrosine 21, norleucine 34, methionine 18, and 
glutamic acid 22%. 

Dyson PERRINS LABORATORY, 

SouTtH ParKs RoapD, OXxForp. [Received, August 26th, 1953. 


783. Mechanism of Elimination Reactions. Part XVII.* The Com- 
parative Unimportance of Steric Strain in Unimolecular Olefin 
Elimination. 

By E. D. HuGues, C. K. INGoLp, and V. J. SHINER, JUN. 


Rates of unimolecular solvolysis in aqueous ethyl alcohol, and the 
proportions of olefin formed, have been measured for some tertiary chlorides. 
A dominating electromeric effect appears to control the speed and direction 
of reaction in all simple cases, although in certain structures olefin formation 
may be assisted by special factors plausibly classified as hyperconjugative 
or synartetic. Steric strain appears to have no general importance in the 
range of unimolecular reactions studied. 


In previous papers (Trans. Faraday Soc., 1941, 37, 657; J., 1948, 2038 et seq.) a theory of 
constitutional effects on olefin-forming elimination has been developed and illustrated. 
Polar and steric effects are recognised. The polar effects have both an electrostatic and a 
quantal factor, classified respectively as an inductive effect arising from electropolarity, 
an an electromeric effect dependent on unsaturation. The polar effects are often opposed, 
and which will dominate depends on structure, particularly on the strength of the electro- 
polarity and the amount of the unsaturation; and it depends also on the mechanism of the 
elimination process, notably whether it is bimolecular or unimolecular. For alkyl] com- 
pounds undergoing elimination by the unimolecular mechanism, the case we are going 
to discuss further, the dominating factor is the electromeric effect. The unsaturation 
here involved is that which permits hyperconjugation between alkyl groups and double 
bonds; and the classification of the factor as an electromeric effect means that the hyper- 
conjugation is with the partly formed double bond in the transition state of the double- 
bond-forming process. When an alkyl group at either end of this partly developed double 
bond hyperconjugates with it, the transition state is stabilised, and the relevant olefin is 
formed more rapidly. These considerations lead to a pattern of constitutional effects on 
orientation, which include the Saytzeff rule; and to a corresponding pattern of effects on 
reaction rate. 

From a kinetic standpoint, unimolecular elimination cannot in general be considered 
separately from unimolecular substitution ; for the two processes occur together, and have 
a common rate-controlling step. The rate of this first step, that is, the overall unimolecular 
rate, can profitably be discussed in relation to structure. However, the separate rate of 
unimolecular elimination is not that of any single process, and thus is only indirectly 
connected with the constitutional factors which specifically influence olefin formation. 
On the other hand, the proportion in which the carbonium ion, formed in the rate- 
controlling step, breaks up to give olefins, is more directly dependent on the relevant 
structural factors, and constitutes the most suitable material available for discussion in this 
regard. 

In the papers cited, the proportions in which individual olefins are formed in unimolecular 
solvolytic reactions of various secondary and tertiary alkyl halides and alkylsulphonium 

* Part XVI, J., 1948, 2093. 
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salts were discussed in relation to the theory of orientation by the electromeric effect. 
No other factor appeared to be of comparable importance, certainly not the steric factor, 
within the range of our experimental survey. Furthermore, it had been inferred 
theoretically that, relatively to substitution, steric factors are unimportant in elimination, 
because of the more exposed situation of hydrogen than of carbon; and that, relatively 
to bimolecular reactions of substitution or elimination, “‘ steric effects are seldom important 
in unimolecular reactions,’ because of the smaller atomic congestion in the transition 
states of the latter. These arguments, whether from experiment or from theory, still seem 
to us satisfactory. 

The phrase quoted is from Brown and Fletcher’s summary (J. Amer. Chem. Soc., 1950, 
72, 1223) of our conclusions, which they regard as “unfortunately ’’ founded. They 
measured the proportions in which total olefins are formed in the unimolecular solvolysis 
of a number of tertiary alkyl chlorides, most of them having more complicated alkyl 
structures than those with which we opened work in this field. They concluded that the 
majority of their results are not consistent with the theory of dominating electromeric 
control, but that all difficulties are removed by the assumption of important steric strains. 

We shall explain (a) that Brown and Fletcher apply the polar theory incorrectly, 
(b) that their experiments are imperfectly designed for comparison with theory, (c) that in a 
few of their most complicated alkyl structures, special effects of hyperconjugation or 
synartesis might be expected, which they do not consider, and (d) that, as was implicit 
in our treatment, exceptionally ramified structures would be required in order to bring 
steric factors into prominence. We shall also report a reinvestigation of some of their 
examples essentially in extension of our own earlier work on this subject. Our final 
conclusion will be that, apart from quite special complications as indicated under (c) above, 
the theory of dominating electromeric control gives a correct picture in this range of 
reactions, 

Brown and Fletcher’s figures for the percentage of total olefin formed in the solvolysis 
of chlorides R'R?R8C-Cl in “ 80% ” aqueous ethyl alcohol at 25° are as follows (neoPe = 
neopenty]l) : 

sRIR!R? Me,Et MecEt, Ets Me,Pr Me,Bu® 

| Olefin 34 41 40 33 35 

nner Me,Pri MePr'i, Et,Pr! Me, But Et,But Me,neoPe 

Olefin 62 78 80 61 90 65 

These authors’ first objection to the theory of dominating electromeric control relates 
to the series R1R?R® = Mes, Me,Et, MeEt,, Et,: the initial rise in olefin proportion, as 
Me is replaced by Et, is not continued in the successive replacements, as they think it 
should be; and they see in the figures evidence of the incursion of a growing steric effect 
on olefin formation in the higher alkyl groups. This is, of course, erroneous. As was 
pointed out and illustrated extensively in our earlier papers, hyperconjugation acts from 
both ends of the developing double bond. When R? is changed from Me to Et, not only 
is the establishment of the double bond in R! accelerated (e.g., by 6 times), but also its 
entrance into R?, and into R°, is retarded (e.g., by a factor of #). Thus it is important to 
consider the separate branches of the tertiary groups, on the basis of representative analyses 
of the olefins formed : this Brown and Fletcher did not do. With estimates of double-bond 
development in the different branches, derived from our earlier analytical results, it is easy 
to see that, on the basis of the polar theory, we should expect the values for total olefin to 
behave in the way which Brown and Fletcher could not comprehend. In the following 
illustrative figures, the factors 6 and %, used throughout, reproduce not only Brown and 
Fletcher's olefin values, but also the known proportions of the isomeric amylenes : 

UE Et 19 
Each branch <Me 56 ; : C=Et 19 
% ‘Me 2 

Total : 40 


The other results of Brown and Fletcher, as listed above, can be understood on exactly 
the same lines, excepting the last three which are discussed below. It is curious that 
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Brown and Fletcher, who, as already noted, invoke steric strain in order to explain why 
certain of the olefin figures in the first line of the above list fail to increase with homology, 
use the same idea in explanation of why some of those in the second line are so high, with- 
out giving any generally applicable reason for the necessary change of outlook. We turn 
now to the three outstanding cases. 

Since the group Me,Bu'C can develop a double bond only in the Me branches, a domin- 
ating electromeric effect would not have been expected to produce as high a proportion 
of olefin as is found. However, elimination with Wagner—Meerwein rearrangement might 
evidently occur here : 

H-CH,*CMe(Me)-CMe, ——t» H* + CH,!CMe-CMe, (Me) 


and until this possibility is controlled the case is not suitable for comparison with the others, 
with respect to either polar or steric effects. Even if group migration does not actually 
occur, the presence of a system with that potentiality may have kinetic effects, as has been 
explained on several previous occasions. The group Et,Bu'C is in an entirely similar case. 
Comparing the two groups among themselves, we see a relation such as the electromeric 
effect might be expected to produce. 

In discussing these cases, Brown and Fletcher have been led into an inapplicable criticism 
of the polar theory, having failed to distinguish kinetic effects on the initial heterolysis 
of an alkyl chloride from those on subsequent double-bond development by proton loss 
from the formed carbonium ion. Thus, on the basis of an argument about the stability 
of the olefin from Bu*CMe,Cl, they conclude that the polar theory requires the rate of 
unimolecular solvolysis of this chloride to be smaller than that applying to ¢ert.-buty]l 
chloride, Me-CMe,Cl. This does not follow at all, because the electromeric effect is claimed 
to be dominating only for the second reaction stage, in which a double bond is being pro- 
duced, in these unimolecular eliminations. Actually the solvolysis rates are nearly the 
same, a fact which has already been used to show that even the higher chloride is in- 
sufficiently ramified to display appreciable steric strain (Brown, Davies, Dostrovsky, 
Evans, and Hughes, Nature, 1951, 167, 987). 

Before dealing with the last example, that of the group Me,neoPeC, we may refer to 
Table 1, the main part of which records the present extension of our older data. Brown 
and Fletcher’s figures for the proportion of total olefin agree tolerably well with those now 
recorded. 


TABLE 1. Solvolysts rates (k, 1n sec.) and olefin proportions (mols. %) in unimolecular 
reactions of alkyl chlorides R4R*RSCCI in “‘ 80% ” aqueous alcohol at 25°. 
Olefin (%) 


R} 
Me 
Me 
Me 
Me : 
Me e 
Reaction with water (2 phases).t 
_- Me Me neoPe -- 
* J., 1937, 283; 1948, 2065. + Brown and Berneis, J. Amer. Chem. Soc., 1953, 75, 10. 


Brown and Fletcher did not analyse any of their olefin mixtures, but Brown and Berneis 
have recently returned to the study of dimethylmeopentylcarbinyl chloride, and have ex- 
amined the total proportion and composition of the olefin mixture produced when it is 
decomposed heterogeneously with water. Their results are entered at the foot of Table 1. 
Quantitatively, they are very different from ours for the homogeneous reaction in aqueous 
alcohol. But in either set of conditions the double bond enters more into either methyl 
branch than into the eopentyl branch of the alkyl group, though we might have expected 
a small difference in the other direction, since the numbers of hydrogen atoms which, on 


proton loss from (CH,),C-CH,°C(CH,)5, would hyperconjugate with a double bond in the 
branches, Me, Me, and neoPe, are 5, 5, and 6, respectively. 


Tu 
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Brown and Berneis attribute this anomaly to a steric effect on the reactions of the car- 
bonium ion, either a steric retardation of anion uptake with a consequent relative enhance- 
ment of proton loss, or a steric acceleration of proton loss by the direct squeezing-out of a 
proton, or both.* The first effect would heighten double-bond development in all three 
branches of the alkyl group, while the second would increase it specifically in the neo- 
pentyl branch. But, as can be seen from Table 1 (compare cases nos. 1 and 5), the entry 
of the double bond into the meopentyl branch is entirely normal: the anomaly consists 
wholly in facilitation of double-bond development in either methyl branch. This shows 
clearly that steric effects are not responsible. 

As Table 1 illustrates, the initial heterolysis of the chloride is appreciably accelerated 
by the presence of the meopentyl branch of the alkyl group. We should like to account for 
this, as well as for the accelerated development of unsaturation in the methyl branches, 
on the same basis. A possible opportunity of doing so is suggested by the general chemistry 
of branched alkyl compounds containing quaternary y-carbon, for instance as a {-situated 
tert-butyl substituent. Such compounds are prone to suffer degradative eliminations in 
which the ¢ert.-butyl or similar @-substituent splits off (presumably as a carbonium ion) 
much as @-hydrogen would (as a proton) in ordinary elimination : 

BuLorcl® I Lor 

(Slowjanow, Chem. Zent., 1907, II, 78, 1835; Whitmore and Stahly, J. Amer. Chem. Soc., 
1933, 55, 4153; 1945, 67, 2158; Brown, Davies, Dostrovsky, Evans, and Hughes, Joc. cit.). 
This suggests that the fert.-butyl-to-carbon bond may be able to hyperconjugate like the 
hydrogen-to-carbon bond, and that, even in reactions in which no actual chain-splitting 
occurs, such hyperconjugation may affect reactivity. This assumption could account both 
for the accelerated heterolysis of our alkyl chloride and for the promoted development of 
unsaturation in its methyl branches : 


Buu cmte, ButCH x cote, 


Naturally, we do not claim to have established this interpretation; but it does seem to 


fit the few facts we know, as the theory of steric strain does not. 

We conclude that a case has not yet been made for the dominance of steric factors in 
unimolecular elimination from simple alkyl chlorides. Obviously, we do not deny that large 
steric effects might appear, if a sufficient density of ramification were built up in the 
reactants; but any such effects, if thus produced, would not detract from the fundamental 
dominance of polar factors in all simpler systems. 


EXPERIMENTAL. 

Materials.—The alkyl chlorides were prepared by methods which are sufficiently standard 
to need no description: generally, the related alcohols were made by Grignard methods, and 
converted by means of hydrochloric acid into the chlorides. Methyl neopentyl ketone, the 
starting point for one of the Grignard reactions, was prepared as described by Mosher and Cox 
(J. Amer. Chem. Soc., 1950, 72, 3702). 

Diethylmethylcarbinyl chloride (3-chloro-3-methylpentane) had b. p. 51-8—51-9°/85 mm., 
ny 1-4185, triethylcarbinyl chloride (3-chloro-3-ethylpentane), b. p. 67-0—67-2°/58 mm., 3 
1-4308, and dimethylneopentylcarbinyl chloride (2-chloro-2 : 4: 4-trimethylpentane), b. p. 
45-0°/21 mm., nP 1-4285. The last-named chloride was also prepared from diisobutylene and 
hydrochloric acid: this product had b. p. 43-2—43-3°/18 mm., uP 1-4285. 

The olefins, or olefin mixtures, formed from these chlorides had to be isolated in order to 


* Brown does not usually distinguish between kinetic and thermodynamic steric effects, as we do 
here in describing Brown and Berneis’s interpretation. These authors have stated that they “‘ see no 
advantage "’ in signalising such distinctions (J. Amer. Chem. Soc., 1953, 75, 1). We are not of that 
opinion, because, among other reasons, molecules and transition states have different geometrical forms, 
and thus differ in steric behaviour. 

+ Brown and Berncis regard this reaction as belonging to that broad pattern of orientational effects 
in elimination which includes the Hofmann rule. They infer that such orientational effects may in 
general be determined, not by polar factors, but by steric strain. In our view, this striking thesis needs 
better support than has yet been offered. 
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permit the checking of the method used in their analytical determinations. 3-Ethylpent-2-ene 
had b. p. 95:5—95-7°, n?} 1-4121, and the mixed hexenes had b. p. 64-9—-70-4°, nP 1-3941— 
1-4015, whilst a fractionation of the diisobutylenes gave: 24 g., b. p. 101-1—101-2°, nP 1-4064; 
20 g., b. p. 101-2—103-4°, n? 1-4065—1-4108; and 6 g., b. p. 103-4—104-7°, nP 1-4135. 

Kinetic Runs.—These were conducted at 25° in ‘* 80°% ’’ ethyl alcohol, a mixture of 4 vols. 
ofethylalcohol with 1 vol. of water. The initial concentrations of alkyl chloride were of the order 
of 0-05m. In some runs the solution was made alkaline initially to such an extent that it became 
nearly neutral ultimately, whilst in other runs the solution was initially neutral and became 
acid. Total solvolysis was determined by titration with acid or alkali as necessary, whilst 
olefin development was measured in a simultaneously withdrawn sample by reaction with 
bromine. 

Both the aliquot method and the sealed-tube method were used. In the former, samples 
of 5 c.c. were run, one of each pair into ethyl alcohol at 0°, for subsequent acid-alkali titration 
with methyl-red as indicator, and the other into a stoppered tube at — 80°, for the determination 
of olefin. In the latter method, batches of 32 sealed tubes, each containing 5 c.c. of reaction 
mixture under nitrogen, were placed simultaneously in the thermostat and were withdrawn 
two at a time, one to be broken under ethy] alcohol at 0°, and the other chilled to —80°. The 
first pair of readings were taken to correspond to “ zero ’’ time, whilst a pair taken after more than 
10 half-lives gave the composition at “‘ infinite ’’ time. 

Olefin Determinations.—We found the work of Brown and Fletcher difficult to reproduce 
closely, because the excesses of bromine used are not given, though they are stated to be im- 
portant. Thus in blank experiments with dizsobutylenes and bromine, the latter in an excess 
of 35 c.c. of 0:02N-thiosulphate, we obtained, by their described procedure, results about 10% 
too low. 

We therefore reverted to the extraction method described by Hughes, Ingold, Masterman, 
and MacNulty (/., 1940, 899), but with the modification that, although freshly distilled chloro- 
form is retained as the solvent for bromination, the bromine solution was first made up and 
standardised in carbon tetrachloride, in which it is more stable than in chloroform. It is a 
feature of the general method that, for each olefin to be determined, control analyses are made 
with weighed olefin samples in order to find the corrections, if any, which are required to cover 
losses from evaporation, incomplete extraction, etc. Determinations with olefins not previously 
treated by this method gave the following correction factors : olefins from diethylmethylcarbinyl 
chloride (excess of bromine used, 15-35 c.c. of 0-02N-thiosulphate), 1-03; olefin from triethyl- 
carbinyl chloride (excess of bromine, 9—20 c.c. of the thiosulphate), 1-00; olefins from dimethyl- 
neopentylcarbinyl chloride (excess of bromine, 9—11 c.c. of the thiosulphate), 1-03. 

Olefin Recovery.—An experiment with dimethylneopentylcarbinyl chloride will be described, 
in which both olefin and alcohol were recovered in fair yield, the latter containing an undeter- 
mined amount of the corresponding ethyl ether. The chloride (10 g.) was kept for 4 days at 
25° with a small excess of alkali in ‘‘ 80% ”’ ethyl alcohol (250 c.c.). After dilution with water 
(500 c.c.), the mixture was extracted once with isopentane (50 c.c.), and the extract was washed 
with water (3 x 50 c.c.), dried (K,CO,), and fractionated. The olefin (4 c.c.) had b. p. 101— 
102°, n° 1-4075, and the alcohol (2-5 c.c.) b. p. 71°/47 mm., n? 1-4189. 

Olefin Isomer Ratios.—The refractive-index method used by Dhar, Hughes, and Ingold 
(J., 1948, 2065) gave results of somewhat unsatisfactory consistency (+6%) in application to 
ditsobutylenes, and we therefore supplemented it with an infra-red method, which gave an 
improved consistency (+1%). 

We separated the isomers by distillation. Their physical constants are as follows, the first 
figure of each pair being that given by Straiff, Zimmerman, Soule, Butt, Sedlak, Willingham, and 
Rossini (J. Res. Nat. Bur. Stand., 1948, 41, 223), while the second is that obtained in this work : 
2:4: 4-trimethylpent-l-ene, b. p. 101-2°, 161-2°/760 mm., nj? 1-4062, 1-4064; 2:4: 4-trimethyl- 
pent-2-ene, b. p. 104:7°, 104-7°/760 mm., nj? 1-4137, 14133. Our distillation curve showed that 
the first isomer was pure, whilst the second, originally present in much smaller amount, was not 
quite pure. Therefore we have used our own refractive index for the former olefin, but the 
figure of Rossini et al. for the latter, when computing compositions of mixtures from their 
refractive indices. 

The infra-red method employed a band of 2: 4: 4-trimethylpent-l-ene at 765 cm.-}, a fre- 
quency at which, as far as we could ascertain, 2: 4: 4-trimethylpent-2-ene has no absorption. 
The plot of composition against optical density at this frequency was linear to within 1% in 
the composition range 80—100% of 2: 4: 4-trimethylpent-l-ene. 

Illustrative Results ——A summary of our kinetic results has already been given in Table 1. 
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By way of example, some more detailed data are given here for the solvolysis of dimethylneo- 
pentylcarbinyl chloride. Table 2 records a run in acid solution by the aliquot method, Table 3 
summarises the results for total solvolysis rate and total olefin production for this chloride 
and Table 4 the results for the composition of olefin. 


TABLE 2. Solvolysis of dimethylneopentylcarbinyl chloride in 80% aqueous ethyl 
alcohol at 25°. (Run No. 4.) 
{Alkali titres in c.c. of 0-0363N-sodium hydroxide per 5-c.c. sample. Thiosulphate titre in c.c. of 
(-01975N-thiosulphate for the reaction product of a 5-c.c. sample with 10 c.c. of 0-0808N-bromine. | 
Time NaOH ky Na,S,0, Olefin NaOH hy Na,S,0, Olefin 
(hr.) 5. (hr.-?) (c.c.) fraction 5 (c.c.) (hr.~') (CC) fraction 
0-000 . -— 40-23 “98 3°54 0-690 32°35 0-676 
0-200 < 0-690 38-10 fe “45 4-56 0-688 29-88 0-676 
0-450 2: 0-698 35-90 62: 95 5-31 0-694 28-20 0-670 
0-700 2-86 0-684 33°95 ; 7:07 — 25-02 — 
[From graph, k, = 0-686 hr.-!. Olefin fraction (selected average) 0-676.]} 


TABLE 3. Solvolysis of dimethylneopentylcarbinyl chloride in 80°% aqueous ethyl alcohol 
at 25° (Summary). 
MUNME: aac encskioceowanirs 2 3 4 5 o* 
Conditions Aci Acid Alkaline Acid Alkaline Alkaline 
k, (hr.~') “6 0-688 0-669 0-686 0-629 0-689 
Olefin fraction 0-694 0-684 0-676 0-686 0-680 
[Selected means: k, = 0-686 hr.-!. Olefin fraction = 0-681.] 
* By the tube method; runs 1—5 by the aliquot method. 


TABLE 4. Analysts of mixtures of 2: 4: 4-trimethylpent-l-ene and 2: 4: 4-trimethyl- 
pent-2-ene. 
2:4: 4-Trimethylpent-l-ene (%) 
¢ A ae 
By distlin. By refraction By infra-red 
85 


Equilibrium mixture 83 83 
» 
93 
(A 50:50 mixture of the isomeric hydrocarbons was subjected to solvolysis conditions. The 
recovered material, examined by the refraction and infra-red methods, showed no change of com- 
position greater than the error of measurement.) 


me 85 


Solvolysis run 11 — 88 93 
— 97 >mean 90 91 >mean 92 
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784. Mechanism of Elimination Reactions. Part XVIII.* Kinetics 
and Steric Course of Elimination from Isomeric Benzene Hexa- 
chlorides. 

By E. D. Hucues, C. K. INGo_p, and R. PASTERNAK. 


The kinetics and products of alkaline dehydrochlorination in alcoholic 
solvents, of four stereoisomers of benzene hexachloride have been studied. 
For some isomers one, and for others two rate-controlling steps can be dis- 
tinguished, all of second order. Where there were two, the intervening 
product was isolated. Dr. H. W. Thompson analysed all the final products. 
The overall picture suggests interplay in E2 processes of facilitation by the 
electromeric effect and by an initial anti-relation between the parts of the 1 : 2- 
eliminant. 


Tuat stereochemical situations, as well as polar structural conditions, have a kinetic effect 
on heterolytic olefin elimination has long been obvious; but it was Hiickel, Tappe, and 
Legutke (Annalen, 1940, 548, 191) who first clearly expressed the view that such steric 


* Part XVII, preceding paper. 
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effects, like polar effects, must depend on mechanism. Actually, mechanism had not 
then been demonstrated in any of the stereochemically critical cases; but it was intrinsic- 
ally likely that the rules previously established as governing the stereochemical course of 
substitution at saturated carbon (Cowdrey, Hughes, Ingold, Masterman, and Scott, /., 
1937, 1252) would find a close parallel in elimination from saturated systems. Later, when 
mechanism had been kinetically determined by us in several useful cases, including some 
of those now described in detail, definite stereochemical rules on the lines foreshadowed 
were suggested (Dhar, Hughes, Ingold, Mandour, Maw, and Woolf, /., 1948, 2117). We 
shall be concerned here only with the rule of bimolecular anti-elimination, viz., that in 
E2 reactions of H-Cg-C,-X, the HCg-electrons enter C, on the side remote from X._ This 
‘‘ 2 rule’’ was applied to interpret the course of eliminations in alicyclic compounds, 
particularly in the cyclohexane series. 

One group of kinetic investigations of elimination from cyclohexane stereoisomers has 
been concerned with the benzene hexachlorides, which, on treatment with alkali, undergo 
triple dehydrochlorination to give mixtures of trichlorobenzenes. The known isomers of 
the benzene hexachlorides have the following chlorine positions : 


i ee 73:5 1:4 : 1:2:3 
alee I = ~ 2:4:6 ~ S32 S38e ” $3636; ©=4:5:6 

Cristol first reported that the «-, y-, and 3-isomers are readily dehydrochlorinated by 
alkali in aqueous alcohol, « and y in simple second-order reactions, and 8 by a kinetically 
more complex process, while the 8-compound was hardly affected under the conditions 
employed (J. Amer. Chem. Soc., 1947, 69, 338). It was concluded that, for the a- and the 
y-compound the first step, and for the 3-isomer the second step, of dehydrochlorination was 
rate-controlling. It was noted that in the 8-compound all 1 : 2-HCl atom-pairs are cis- 
pairs, and that the inactivity of this isomer pointed to a restriction on cts-elimination. 
Nearly at the same time, it was found by one of us, first, that both the a- and the 6-isomer 
suffer simple second-order dehydrochlorination in aqueous alcohol, the first step being 
rate-controlling in each case, though it is slower and more highly activated in the reaction 
of the @-compound (Pasternak, Ramsay Fellowship Reports, London, 1948). Secondly, 
it was found that the reactions of both the y- and the 3-isomer, although occurring readily, 
are kinetically complex : detailed analysis showed that in each case the first and the second 
step of dehydrochlorination share control of the rate. Cristol, Hause, and Meek subse- 
quently reported activation energies of the rate-controlling first steps of dehydrochlorin- 
ation of the a-, 8-, and e-isomers; and they gave a figure for the y-isomer, though without 
recognising that here the measured reaction is not simple (J. Amer. Chem. Soc., 1951, 73, 
674). Their useful values of activation energy are added to Table 1, which summarises 
our results for the rates and Arrhenius parameters both of the first steps of dehydro- 
chlorination of the «- and the 8-isomer, and of the dissected first and second steps of the 
reactions of the y- and the 8-compound. 


TABLE 1. Parameters of the equation k, = Ae®4/®" for the dehydrochlorination of 
benzene hexachlorides by alkali in aqueous ethyl alcohol. 
Ey, (in kcal. /mole) log,, A (with A in sec.-! mole 1.) 
Ist step 2nd step Ist step 2nd step 


———— —— 


90% 100% 90% 80% 90% 90% 
/o . o 49 /o 0 /o 
ae _ 13-5 Pid. 
18-5 «18-6 on 
o> Se 13-9 
- 16-4 15-0 


* Values of activation energy by Cristol, Hause, and Meek (loc. cit.). Entropies of activation were 
computed with Eyring’s rate equation. 
t Aqueous ethyl alcohol specified by the percentage of ethyl alcohol by volume taken. 


Contemporaneously with these kinetic studies, Nakajimo, Okubo, and Katamura 


discovered, by a polarographic method, the two rate-controlling steps in the reactions of the 
y- and the 8-isomer; and, guided by these indications, they proceded to isolate the monode- 
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hydrochlorinated intermediates (Botyu-Nakagu, 1949, 14, 10). Before we knew of this 
work, to which Dr. Cristol kindly drew our attention, we also had isolated them, and had 
measured their rates of dehydrochlorination, as a check upon the rate constants obtained 
by the somewhat difficult analysis of overlapping second-order reactions. The monode- 
hydrochlorination product from the y-hexachloride was obtained as a liquid, but that from 
the 8-isomer is crystalline, and its crystal-structure was determined (Pasternak, Acta Cryst., 
1951, 4, 316). 

In all this work there has been no evidence of any measurable dehydrochlorination 
step which is not of second order. The fact that, for the 2-compound, the Arrhenius energy 
of activation is 32 kcal./mole, instead of about 20 kcal./mole, as for the other isomers, is 
clearly to do with the czs-relation of all 1: 2-HCl atom-pairs. Cristol, Hause, and Meek 
assume that in this case the bimolecular mechanism, that is, the one-stage process E2, is 
replaced by unimolecular elimination in the conjugate-basic carbanion, that is, by the 
mechanism we label E1cB, which would require the same kinetics, a rate-controlling proton- 
extraction by the alkali yielding a carbanion, which then quickly loses a chloride ion. 
However, a more conservative view seems equally tenable, namely, that the mechanism 
remains £2, and that the extra 12 kcal./mole of activation energy is employed partly to 
force the relevant portion of the molecule more nearly into the desirable antt-configuration, 
and partly to force the mechanism against the still imperfect orientation of the bonds 
involved. This interpretation would help us to understand why, for the $-isomer, the 
frequency factor is abnormally great : for the transition state of reaction could be attained 
only with much deformed bonds, which will presumably begin to break at a smaller degree 
of charge transfer, so that there is less solvation, and a higher statistical probability, in 
this transition state than in the transition states formed with the same bonds when less 
distorted.* 

The striking fact about the four easily dehydrochlorinated benzene hexachlorides is 
that they fall into two classes with respect to the relation between the rates of the stages : 
in the reactions of the «- and the e-compound, only the first step is rate-controlling, whereas 
in those of the y- and the 8-isomer the first two steps share control of the rate. This can be 
understood on the hypothesis that the first elimination is of ‘vans-HCl, and that, only when 
the second elimination can be of trans-HCl to give a second double-bond conjugated with 
the first, does the electromeric effect of the developing conjugation make the second reaction 
step much faster than the first. The third step, which directly gives the aromatic ring, can 
be assumed always to be much more rapid than either of the first two steps. 

In order to simplify the detailed explanation, we will assume 1 : 2-elimination always, 
neglecting 1 : 4-elimination, though it doubtless occurs to some extent in the later steps of 
these dehydrochlorinations, as will be noted below. Using the numbering given on p. 3833, 
one observes that the a-compound can develop double bonds by trans-5 : 6- followed by 
trans-1 : 2-elimination, and that, since the formed 5:6: 1: 2-diene is conjugated, the 
second step of elimination will, according to our hypothesis, take place much more rapidly 
than the first, which will thus be wholly rate-controlling. The e-isomer can undergo 
trans-2 : 3- followed by trans-4 : 5-elimination, to give a conjugated 2: 3:4: 5-diene, and 
hence the same kinetic situation will arise. 

The §-compound, after a trans-5 : 6-elimination, the initial occurrence of which is 
definitely established by Pasternak’s crystal analysis of the isolated monochlorodehydro- 
chlorination product, can continue reaction only by undergoing a cis-elimination. Pre- 
sumably it will do this with least difficulty when a conjugated diene is being produced, as 
by 1: 2-cis-elimination to give a 5:6:1:2-diene. We can infer that the unfavourable 
stereochemistry will make the second step of this dehydrochlorination much slower than 
the second steps of those of the «- and the e-isomer, and that it might make the second 
reaction step of the 8-compound slower than the first step. As can be seen from the rates 
in Table 2, the second reaction step of the 3-compound has about one-twelfth of the rate 
of the first: both steps are significantly rate-controlling, but the second is more strongly 

* Ina paper which has just appeared (J. Amer. Chem. Soc., 1953, 75, 2647), Cristol and Fix describe 
a test for mechanism ElcB by Skell and Hauser’s deuterium method. The test failed to show that 
this mechanism has any importance. 
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so. We conclude that the accelerative influence of the electromeric effect, which arises 
during the production of a conjugated diene, is more than counterbalanced by the retarding 
influence of the cis-relation between the parts of the eliminant. 

The y-compound, after an initial ¢vans-2 : 3-elimination, has two possibilities of con- 
tinued reaction: either it can undergo a trans-5 : 6-elimination without producing a con- 
jugated system; or it can produce such a system in the stereochemically difficult way, as 
by a cis-4: 5-elimination. Supposing that the 2 : 3-double bond would not much influence 
the formation of a 5: 6-double bond, the first alternative gives us a second reaction-step 
which should have about one-half of the rate of the first, this statistical factor arising from 
the complete equivalence of the 2: 3- and the 5 : 6-position in the original y-hexachloride. 
The second alternative provides a second reaction step, which, according to our experience 
with the 3-hexachloride, should have a rate about one order of magnitude smaller than 
that of the first step. We can further foresee that, of these two conceivable alternatives, 
the effective one will be that which furnishes the faster second step; and hence the conclu- 
sion which our hypothesis offers for comparison with experiment is that the first two steps 
of dehydrochlorination of the y-compound are comparably rate-controlling, and that the 
rate of the second is of the order of one-half of that of the first. As can be seen from Table 
2, this is true to an approximation. 

As Table 2 shows, rates of alkaline dehydrochlorination of benzene hexachlorides are 
not much changed by increasing the water content of the medium. This general result 
accords with the primary conclusion to be drawn from the theory of kinetic solvent effects 
(Hughes and Ingold, J., 1935, 252; cf. J., 1948, 2043), viz., that no large effects are expected 
to arise from even a considerable change in solvent polarity, since the one unit of electric 
charge in the reactants is carried unaltered into the transition state of reaction. More 
precisely, the observed rates are, on the whole, slightly decreased on increasing the water 


TABLE 2. Rate-constants (ky in sec.-! mole 1.) of the rate-controlling steps of 
dehydrochlorination of the benzene hexachlorides by alkali tn aqueous ethyl alcohol. 


ene 
7 80% 
a (1st Step) B (1st Step) 
— 0-00230 - -~ 0-00137 
—- 0-00705 ~— 0-00319 
0-0150 0-0200 ~- 0-00870 
es 0-109 0-0238 0-0301 
0-228 0-121 0-149 


Solvent: °, EtOH Solvent: % EtOH 
A — . - - A — 
90% 90% 100% 
y (1st Step) y (2nd Step) 
264-7 . 0-00312 - - _ 
273-2 - 0-0112 - 0-00592 
280-0 0-0274 - — 0-0158 
287-2 0-0685 0-0967 0-0278 0-0400 
293-4 0-146 -- ~ 0-0770 
301-2 ~ - — 0-192 


5 (Ist Step) 2nd Step) 
246-0 _ 0-00186 _ — 
251-8 0-00508 ~ 
258°3 0-0148 0-0120 — —- 
265-2 - 0-0451 — —- 0-00356 
273-2 - -_— _- 0-00958 0-0113 
287-2 — — -—- 0-0778 
293-4 - -- — — 0-163 


content, as, indeed, is usual in the corresponding reactions of simple alkyl halides; but, in 
the case of the $-isomer only, the first 109% of water anomalously produces a very small 
increase of rate. The general small retardation by water can be made consistent with the 
theory of solvent effects, as extended for the discussion of secondary kinetic phenomena, if 
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we assume an identical reagent, with equal degrees of hydrogen bonding in the initial 
and the transition state, so that we can suppose that there is a greater spread of charge in 
the latter, a circumstance which should cause increased solvent polarity to produce small 
reductions of rate. Cristol and Barasch (J. Amer. Chem. Soc., 1952, 74, 1658), having 
already noted the slightly anomalous kinetic behaviour of the reaction of the 6-compound 
with changes of solvent, have made it the basis of a criticism of the theory. But the 
example is a poor one, because, in a highly distorted transition state, such as may arise 
here, the close compensations, for instance, of hydrogen bonding, which often lead to second- 
ary kinetic effects of simple character, could not reasonably be expected. 

Cristol and Barasch saw further theoretical difficulties in the results of their analysis 
of the solvent effect on the temperature coefficient of the rate, having failed to appreciate 
that no rate equation, in applying which functions of temperature are treated as constants, 
can be expected to give useful results when applied to changes of temperature coefficient 
associated with such small rate changes as are here involved.* 

The compositions of the mixtures of trichlorobenzenes finally produced by dehydro- 
chlorination of «-, 6-, and y-benzene hexachloride were first determined by van der Linden 
by the freezing-point method (Ber., 1912, 45, 231). Dr. H. W. Thompson very kindly 
analysed our final products from the «-, 8-, y-, and 8-hexachloride, and from the crystalline 
pentachloro-intermediate derived from the 8-isomer, by the infra-red spectral method, 
bands between 9-5 and 13-5y being used for the intensity measurements. His results are 
in Table 3, to which we have added van der Linden’s figures for comparison. 

The identity of composition of the product from the 3-hexachloride with that of the 
product given by the pentachlorocyclohexene obtained from the 8-hexachloride, indicates 
fairly definitely that the isolated crystalline pentachloro-compound is the only pentachloro- 
intermediate formed from the 6-hexachloride. 

We know from Pasternak’s crystal analysis that this pentachloro-intermediate is formed 
from the 8-hexachloride by ¢vans-elimination, and has the structure (1). We should expect 
a single pentachloro-intermediate to be formed from the $-hexachloride, and, though it 
must in this case be formed by cts-elimination, it should have the same structure (I). 
In view of the considerably higher temperatures at which the intermediate must be formed 
and decomposed in the dehydrochlorination of the - than in that of the 8-hexachloride, 
the compositions of the final trichlorobenzene mixtures, as given in Table 3, are not incon- 
sistent with the assumption that the reactions of these two hexachlorides pass through a 
common intermediate. 

In accordance with our hypothesis of preferential ¢vans-elimination, we expect other 
pentachloro-intermediates from the y- and the «-hexachloride: the y-compound should 
give (II), and the «- isomer either (III) or (IV) or both. The intermediate as isolated from 
the y-hexachloride is a liquid and is certainly different from (I). On comparing the com- 


TABLE 3. Compositions (measured by Dr. H. W. Thompson) of the trichlorobenzene 
mixtures obtained from benzene hexachlorides and from an isolated pentachloro-intermedtate. 
(Van der Linden’s values in parentheses.) 
Benzene hexachlorides Pentachloro-inter- 
B r) mediate from 8 
85°3 
10-8 
3-9 


Trichlorobenzene a 
1:2:4 76-1 (76) 82-0 (87) 
1:3: 5- 9-0 (7) 13-8 (8) 
1:2: 3- 14-9 (17) 4-2 (5) 


positions, as given in Table 3, of the trichlorobenzene mixtures finally formed from the 
y- and the a-hexachloride, and from the 8-hexachloride, the temperatures throughout 
being comparable, we find some evidence that the reactions of the y- and the a-isomer go 


* Cristol and Begoon (J. Amer. Chem. Soc., 1952, 74, 5025) have complained of the behaviour of the 
theory of kinetic solvent etfects in another case, that of the bimolecular dehydrohalogenation of halogeno- 
ethylenedicarboxylic acids; but an error must have crept into their application of the theory. They 
claim an anomaly, inasmuch as the reactions go more slowly in more aqueous alkaline media, though 
actually this is consistent with the theory in its elementary form. 
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through intermediates which are different both from each other and from the intermediate 
of constitution (I), which arises certainly from the 8- and, as we think, from the 8-isomer. 
Cl 
c\ cl 
Nv 


ac ci 
1 IIT) 


Cl | 


It is probable that the dehydrochlorinations of all the hexachlorides examined pursue 
parallel paths in the second and the third steps. The details are obscure; but we can 
conclude that these paths do not consist exclusively of 1 : 2-eliminations, since, if they did, 
1 : 2: 3-trichlorobenzene would not appear in the product. The formation of this substance 
can be understood if we may assume either that at least one of the later steps of dehydro- 
chlorination involves 1 : 4-elimination in at least one of its parallel paths, or that, before 
at least one of the later steps in at least one of its parallel paths, anionotropic rearrange- 
ment intervenes. Either assumption is entirely reasonable, and often they are equivalent. 


EXPERIMENTAL 

Materials.—The four benzene hexachlorides were kindly given by Dr. L. J. Burrage of 
Imperial Chemical Industries Limited. They were substantially pure as received, but were 
recrystallised three times, the 8-compound from acetone, and the other isomers from chloroform. 
Their uncorrected m. p.s were « 158°, 8 207°, y 113°, and § 138°. The solvents we call ‘‘ 80% ” 
and ‘‘ 90% ’’ aqueous alcohol were made by mixing 8 and 9 volumes of dry ethyl alcohol with 
2 and 1 volumes of water, respectively. 

Measurements.—The runs were followed by potentiometric titration of chloride ion with 
0:00500M-silver nitrate, and with 0:0100mM-hydrochloric acid. In some cases, as a check, alkali 
disappearance was followed by titration with acid, lacmoid being used as indicator. In all the 
runs on which the rate figures already quoted are based the initial concentration of the hexa- 
chloride was about 0-002m and that of the alkali about 0-01m; but some runs have been done 
with higher alkali concentrations, up to 0-2m, and these disclose a small negative salt effect. 
Initial concentrations were determined, or checked, by completing the reaction and titrating 
both the chloride ion and the residual alkali: the sum of these measurements gives the initial 
alkali, while one-third of the chloride ion is equal to the initial benzene hexachloride. Reaction 
was stopped in samples withdrawn for analysis by adding them to excess of ethyl alcohol acidified 
with nitric acid. 

For the «-, y-, and §-hexachlorides the aliquot method was used. The alkali, in the form of 
carbonate-free ca. 0-5mM-sodium hydroxide or -sodium ethoxide, was added only after the solution 
of the benzene hexachloride in the ethyl alcoholic solvent had reached the temperature of the 
thermostat. Owing to the higher temperature required for the reaction of the 6-isomer, the 
sealed-tube method was in this case more convenient. The reaction solution was made up at 
0° and measured samples were enclosed under nitrogen in sealed tubes, which were together 
immersed in the thermostat, and successively withdrawn to be broken under acidified ethyl 
alcohol. Allowance was made for thermal expansion, when calculating the second-order rate 
constants. 

Calculations.—_No sign was detected of first-order elimination from any of the benzene 
hexachlorides, not even from the $-isomer, for which such a process might have been expected, 
since second-order elimination proceeds relatively slowly. Therefore, analysis of the rate data 
has been approached on the assumption that the total reaction consists of three consecutive 
steps each of second order, although the assumed kinetics of the third step are immaterial. The 
stoicheiometry, and rate constants, of the steps are taken to be as follows : 


(1) C,H,Cl, + OH- = C,H,Cl, + Cl- + H,O; Rate = k,’RB 

(2) C,H,Cl, + OH- = C,H,Cl, + Cl- + H,O; Rate = k,”R’B 

(3) C,H,Cl, + OH- = C,H,Cl, + Cl- + H,O; Rate = k,’”R”B 
where R, R’, R”, and B are the concentrations at time ¢ of C,H,Cl,, C,H;Cl,;, C,H,Cl,, and 
alkali, respectively. The measured quantity, the concentration of chloride ion, being x at 
time ¢t, we have, 3Ry = #a. 
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The overall reactions of the «- and the 8-hexachloride accurately obey that second-order law 
which would result from the assumption that k,’ is measurable, and k,” and k,’” are incomparably 
great. The overall reactions of the y- and the $-isomer deviate from any simple second-order 
form, and the deviations are interpreted on the basis that #,’ and k,”’ are comparable and 
measurable, while k,’” is incomparably great. 

When step (1) alone is rate-controlling the rate equation is : 


ane x) 
=f 
Writing C = 2-303/(By — x«), D’ = logyo(Bo/*o), and Y = logy{(By — *)/(*» — *)}, we see 
that the plot of Y against ¢ gives a straight line with a Y-axial intercept of D’, and a slope of 
k,’/C. This determines },’. 
If step (2) alone were rate-controlling, the rate equation would be : 
2s By —* 
3By — %0 %o — *) 


he” 2-303 , 

2 ic: (By — %a) 0810 { 
Writing D” = logyo{(3B, — *.)/2%~.}, we see that the plot of Y against ¢ gives a straight line 
making an intercept of D’’, and having a slope of k,’’/C. This would determine k,”. 

When steps (1) and (2) share control of the rate, step (3) being still excluded from control, 
the plot of Y against ¢ is not in general a single straight line; but it becomes asymptotic to one 
straight line towards the beginning, and to another straight line towards the end of the reaction. 
The Y-axial intercept of the plot, or of the initial limiting line, is D’, while that of the final 
limiting line is D’. These relations serve to test the assumption that the two rate-controlling 
steps are indeed steps (1) and (2). The initial limiting slope of the plot is k,’/3C, and the final 
limiting slope is k,’’"/C. These relations give k,’ and k,’’. In case k,’ = 3h,”, the plot of Y 
against ¢ degenerates into a single straight line, so that, when 2,’ is close to 3k,”’, it becomes 
difficult to distinguish joint rate-control by the two steps from rate-control by one step only. 
Otherwise expressed, the two steps cannot be distinguished because the kinetic overlap is 
uniform and continuous. Supposing that joint rate-control is established, the steps being 
distinguishable, then an alternative way of deducing ,’ is to apply to readings of the initial rate 
that rate-equation which ignores steps (2) and (3) of the reaction : 

2-303 By — *) 


ky’ = a, — se} 10810 { By Yo — *) 


The following equations, due essentially to Skrabal (Monatsh., 1916, 37, 137; 1919, 40, 363), 
are of value for the purpose of guiding experiments on the isolation of the immediate product of 
step (1) in cases of joint control by steps (1) and (2). The maximum concentration ty; in 
which the intermediate can be built up is given by the equation, i,,,, = aK”9-®, where K = 
k,’/k,”’, and a is the initial concentration of the benzene hexachloride. The initial concentration 
b of alkali needed in order to produce this quantity of intermediate, is given by 


b = a(4 — 3KNG-® — 2K*/0-D) 


Evrors.—All the rate data recorded above are results from duplicate or triplicate runs, 
mostly consistent to within 2%. The Arrhenius plots, with one exception mentioned below, 
were linear to within 2% in the rate constants. A considerable systematic error, e.g., 10%, may 
well be present in those rate constants which are extracted by analysis of the overlapping 
reaction steps of the y- and the 8-hexachloride. But these errors seem likely to be much the 
same at the different temperatures, so that they should have no serious effect on the determin- 
ations of Arrhenius parameters. The kinetic overlap is greatest for the y-hexachloride, and 
our worst Arrhenius plot was that of the second reaction step of this isomer : the deviations here 
amounted to 4% in the rates, but even this error does not affect the figures for E4, or for logy) 4, 
to the accuracy to which they are given in Table 1. 

Isolation of Intermediates.—The §-hexachloride was allowed to react with 1-1 mols. of sodium 
ethoxide in ethyl alcohol. After the solution had become neutral, the organic solutes were 
precipitated with water, collected, dried, and fractionally crystallised from light petroleum. 
Some. unchanged hexachloride was recovered, and the more soluble §-pentachlorocyclohexene, 
m. p. 67—68°, was isolated [Found : C, 28-8; H, 2-0; Cl, 69-6; hydrolysable Cl, 27:9%; M 
(Rast), 201. Calc. for CgH,Cl,: C, 28-3; H, 2-0; Cl, 69-7; hydrolysable Cl, 27:°9%; M, 254]. 
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This underwent dehydrochlorination in alkaline ‘‘ 90° ’’ aqueous alcohol, according to the 


second-order rate law, the rate constant at 273-2° k being 0-0122 sec.-! mole 1. 

The y-hexachloride was caused to react with 1-5 mols. of sodium ethoxide in ethyl alcohol. 
By partial evaporation of the solvent, about half of the original quantity of the hexachloride 
The mother-liquor was diluted with water and extracted with 


was crystallised and recovered. 
The first fraction contained trichlorobenz- 


ether, and the material thus obtained was distilled 
enes, whilst a second fraction consisted essentially of the y-pentachlorocyelohexene, and a 
residue of the y-hexachloride remained. This pentachloro-compound was obtained as a viscous 
liquid, b. p. 130°/9—-10 mm. [Found: C, 28-7; H, 2-2; Cl, 69-2; hydrolysable Cl, 27-7, 
27-994; M (Rast), 236]. It underwent dehydrochlorination in dry alcoholic sodium ethoxide 
according to a second-order law, the rate constant at 287-2° k being 0-0605 sec.-4 mole 1. 
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785. Mechanism of Elimination Reactions. Part XIX.* Kinetics and 
Steric Course of Elimination from Isomeric Menthyl Chlorides. 
By E. D. Hucues, C. K. INGoip, and J. B. Rose. 


The kinetics and products of second- and first-order elimination from 
menthyl and from meomenthyl chloride in alkaline or acid alcoholic solutions 
have been studied. The absolute rates, kinetic forms, and partitioned 
directions of these reactions furnish a picture of joint control by the electro- 
meric effect, and by the stereochemical effects summarised in the already 
given rules, interpreted in the light of Hassel’s cyclohexane conformations. 


OnE of the important groups of examples used by Hiickel, Tappe, and Legutke, in order to 
illustrate their thesis that spatial specificity in elimination depends on mechanism, consisted 
in the formation of menthenes from menthyl and neomenthyl chloride (Annalen, 1940, 
543, 191). They examined the reactions of both chlorides with ethoxide ions in ethyl 
alcohol, and of the former chloride with the solvent in the absence of alkali, measuring the 
proportions in which menth-2- and -3-ene are formed, which are different in the three cases : 


Pr pMe — PriC Me + Pr Me 
Cea” — 
a Menth-3-ene Menth-2-ene 


The method of analysis was based on the contrast between the stability of the rotatory 
power of menth-2-ene, and the ready racemisation of menth-3-ene in the presence of acids, 
an effect due, no doubt, to reversible 3-proton addition with the temporary production 
of a non-asymmetric 4-carbonium ion : 
pif Me aie Pr Me 
. H — 

The above-named authors chose conditions calculated to favour certain mechanisms, 
but did not establish such mechanisms kinetically. It is, however, not safe always to 
assume pure bimolecular mechanisms in alkaline media; and we know that, for secondary 
chlorides, the balance between bimolecular and unimolecular solvolytic reactions is quite 
delicate. Indeed, the discussion which has been based (Dhar, Hughes, Ingold, Masterman, 
Maw, and Woolf, J., 1948, 2117) on Hiickel, Tappe, and Legutke’s olefin compositions 
could not have been so definite had not part of the work now described already been carried 
through. 

We first made a general kinetic study of the substitution and elimination reactions of 
menthyl and neomenthy! chloride, in alkaline and acidic conditions, in dry or aqueous 


* Part XVIII, preceding paper 
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ethyl alcohol, with the object of establishing conditions for the second- and first-order 
processes. Then, in reactions thus controlled with respect to kinetic form, we measured 
the proportions of elimination and substitution, and the composition of the mixture of 
menthenes formed. Our menthene compositions agree well*with those of Hiickel, Tappe, 
and Legutke, where the mechanisms may be presumed to correspond. But we now have 
data for kinetic form and absolute rate to correlate with the olefin compositions; and the 
first-order reaction of neomenthy] chloride, which was not studied by the previous authors, 
is included in our comparisons. Our experimental findings are summarised in the next six 
paragraphs. 

Menthy! chloride (Cl and Pri trans-related) is less prone to second-order reactions with 
alkali than are the simplest secondary alkyl chlorides. In dry ethyl alcohol at 160-4°, 
mixed-order kinetics apply over the more convenient range of alkali concentrations. But 
with more than 1-0N-sodium ethoxide, the reaction is of second order to the extent of more 
than 90°. This second-order reaction is presumed to be bimolecular, Sy2 + £2. With 
1-On-alkali, 95°, of the total reaction is elimination, and a short extrapolation allows 
us to calculate that 98°% of the total bimolecular reactions consists of the elimination £2. 
For this reaction the olefin is wholly menth-2-ene. The rate constant of the E2 process 
in dry ethy] alcohol at 160-4° is 9-7 x 10° sec.-! mole“! L., whilst at 124-9° it is 0-68 x 10-5 
sec.-! mole"! 1. The latter figure allows comparison with an unpublished value by Dr. J. F. 
Smith for the rate of second-order elimination from cyclohexyl chloride to give cyclohexene : 
for reaction with ethoxide ions in dry ethyl alcohol at 124-95°, his rate constant is 
132 « 10°5 sec.-! mole“! 1., that is, 66 x 1075 sec.-! mole“ |. for the establishment of the 
double bond in each of two equivalent positions. (Smith finds a small salt effect, but we 
shall neglect it, since precise values are not important for the comparison.) Relatively 
to this rate standard, the formation of menth-2-ene from menthy] chloride is retarded by 
about 100 times, while the formation of menth-3-ene is very much more strongly retarded. 

Menthyl! chloride undergoes first-order solvolytic reactions at low alkali concentration 
and in the absence of alkali. In dry ethyl alcohol at 160-4°, more than 90% of the total 
reaction is of first order, when the concentration of sodium ethoxide is below 0-01N. For 
our study of the first-order process, we used also ‘‘ 80% ”’ aqueous ethyl] alcohol, which is 
somewhat more favourable to this kinetic form. Although in this case, as in others in 
which secondary halides are involved, the distinction between unimolecular and bimolecular 
solvolysis—both reactions of the first order—is not easily made, our evidence on the whole 
indicates that we are dealing here with essentially unimolecular reactions. We there- 
fore consider first the total unimolecular rate, which in this mechanism signifies the rate 
of ionic dissociation of the chloride, whatever may subsequently happen to the formed 
carboniumion. In ‘‘ 80% ” aqueous ethyl] alcohol at 124-9°, this rate is 0-402 x 1075 sec.-}. 
Dr. J. F. Smith has obtained the value 0-887 x 10° sec.-! for the rate of solvolysis of 
cyclohexy] chloride in the same solvent at 124-95°. In other unpublished work, Dr. R. J. L. 
Martin derived the value 1-53 x 10° sec.~! for the rate of solvolysis of pinacolyl chloride in 
the same conditions; and in this case he was able to show that the solvolysis has the uni- 
molecular mechanism exclusively. Evidently our solvolysis rate is of the order of magni- 
tude which allows it to be understood as the unimolecular rate for a secondary chloride. 
In the absence of initially added alkali, conditions in which first-order processes are fully 
isolated, the proportion in which they lead to menthenes is 69%. The mixture of 
menthenes formed has the following composition : menth-3-ene, 68% ; menth-2-ene, 32%. 

The menth-3-ene, formed in a medium which becomes acid during reaction, was optically 
inactive. This might have happened, either because, after having been formed in an active 
state by 4-proton loss from the 3-carbonium ion, the menthene was racemised by reversible 
3-proton addition under the influence of liberated acid, or because it was originally formed 
in an inactive condition by a Wagner-type 4-to-3 migration of hydrogen. The former 
alternative has been shown to be the more correct by conducting the reaction in the presence 
of sodium acetate, the menth-3-ene then being formed under similar kinetics but with 90% 
of its maximal optical activity. 

neoMenthy! chloride (Cl and Pri cis-related) has a stronger tendency than its isomer 
towards second-order reactions. In dry ethyl alcohol at 124-9°, more than 90% of the 
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reaction is of the second order, when the ethoxide ions are in concentration 0-1N. With 
1-0n-ethoxide, the second-order rate constant is 144 x 10° sec. mole! 1. Of this total 
rate, 919% represents the elimination process £2, the rate constant for which is therefore 
131 x 10°5 sec.-! mole! 1. The menthene mixture formed has the composition : menth- 
3-ene, 78°; menth-2-ene, 22%. Thus, the partitioned rate constants are 102 x 10-5 
and 29 x 10°5 sec.-! mole |. for the respective olefins. Both these rates are of the order 
of magnitude of the rate of conversion of cyclohexyl chloride into cyclohexene, the value of 
which may be expressed as 66 x 1075 sec.-! mole“! 1. for the establishment of the double 
bond in one individual position. 

neoMenthyl chloride undergoes first-order solvolysis in very weakly alkaline or in non- 
alkaline alcoholic media. In ‘‘ 80° ”’ aqueous ethy! alcohol at 124-9°, the first-order rate 
constant is 16-3 x 10-5 sec.-1, that is, about 20 times greater than the first-order rate 
constant for cyclohexyl chloride. Either we are dealing here with a mildly accelerated 
unimolecular reaction, or the normal unimolecular reaction is being overlaid by a some- 
what faster bimolecular solvolysis. We incline to the second view, mainly because the 
product compositions suggest that first-order reactions of menthyl and mneomenthyl 
chloride cannot go through the same carbonium ion. The solvolysis of meomenthyl 
chloride consists of elimination to the extent of 96°,, and the menthene mixture formed 
has the composition : menth-3-ene, ca. 99°% ; menth-2-ene, 1:2%. We thus assume that at 
least the menth-3-ene is formed mainly in a bimolecular manner. 

This menth-3-ene is optically inactive, as recovered from solutions rendered acid by the 
liberated hydrochloric acid, but has more than 85°% of its maximal optical activity when the 
solvolysis is conducted in the presence of sodium acetate, which does not otherwise alter 
the composition of the menthene, or change the kinetics in any significant way. It follows 
that a Wagner-type shift of hydrogen is not an essential feature of the process of 
elimination. 

For the purpose of discussing the above results, we have to consider, not only polar 
effects on the rate and direction of reaction, but also the extent to which spatial requirements 
are, or can be, fulfilled. In the latter connexion, it is necessary to take account of Hassel’s 
concept of the stable, strainless, cyclohexane ring with a six-fold alternating axis, six bonds 
being directed radially from the circumference («) and six parallel to the unique axis of sym- 
metry (e). Then cts-1 : 3-pairs of substituents have to be radially attached in the stable 
state, since they would overlap strongly, if bound in directions parallel to the axis. cyclo- 
Hexyl chloride may be considered in two important forms of not very different stability 
(I and II), menthy] chloride in two forms, (III) much more stable than (IV), and neo- 
menthyl chloride in two forms not greatly differing in stability (V and VI). 


It may reasonably be assumed that second-order elimination from menthyl chloride 
takes place so much more slowly than from cyclohexy] chloride, because, as an E2 reaction, 
it is subject to the anfti-elimination rule. Therefore, the reaction of menthyl chloride is 
compelled to go through form (IV) of that molecule, which is very unstable, because it has 
axially bound cts-1 : 3-substituents. Even then, under the same rule, elimination is 
permitted only in one direction, which is not that favoured by electromeric hyperconjug- 
ation. Thus only menth-2-ene is obtained in this reaction, and it is produced 100 times 
more slowly than might have been expected. 
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Because of the difficulty attending bimolecular elimination from menthyl chloride, we 
are fairly safe in assuming that its first-order elimination is unimolecular. If we assume tliat 
the first-order reaction of cyclohexyl chloride, like that of tsopropyl chloride, is largely 
unimolecular, it becomes intelligible that the rates of these reactions are the same to 
within a small multiple. In unimolecular elimination, the direction of reaction should be 
controlled essentially by electromeric hyperconjugation, without much interference from 
stereochemical factors; and thus it is consistent that in this reaction of menthyl chloride a 
preponderating quantity of menth-3-ene is produced. 

The stereochemical situation places no restriction on bimolecular elimination from 
neomenthy! chloride. Furthermore, since the reactive form is (V) under the £2 rule, 
elimination in either direction is sterically possible, and thus electromeric hyperconjugation 
is free to control the direction of reaction. Consistently, we find second-order elimination 
from neomenthyl chloide proceeding at a rate of quite the same order of magnitude as that 
of the corresponding reaction of cyclohexyl chloride, and, moreover, producing a preponder- 
ating quantity of menth-3-ene. 

The mildly accelerated first-order reaction of nmeomenthyl chloride is believed to arise 
from a predominating bimolecular solvolysis. It is really faster in one direction, but slower 
in the other, than our standard of comparison, the orientation being qualitatively as 
expected for control by electromeric hyperconjugation, but quantitatively more extreme 
than is commonly associated with this effect when, as is frequently the case, an anion is the 
attacking reagent. This may be because the reagent is now a neutral solvent molecule. 
There is some evidence for the conclusion that hyperconjugation produces larger and more 
strongly differentiated kinetic effects where reagents are neutral than where they are 
charged. It was thus that we explained (Dhar e7 al., loc. cit.) how, in bimolecular elimin- 
ation, the Saytzeff rule replaces the Hofmann rule when we go over from alkyl ‘onium salts 
to alkyl halides as substrates. In the field of electrophilic aromatic substitution, de la Mare 
has similarly explained (J., 1949, 2871; cf. de la Mare, Ketley, and Vernon, Research, 
1953, 6, 12s) the larger kinetic effects produced by alkyl substituents in chlorination by 
molecular chlorine than in nitration by the nitronium ion. Perhaps in all such cases, the 
binding in the transition state is more quantal and less electrostatic, so that more un- 
saturation has to be developed, in the absence than in the presence of ionic charges. 


EXPERIMENTAL 

Materials —The chlorides employed were obtained by treatment of (—)-menthol with 
phosphorus pentachloride, with or without ferric chloride, at regulated temperatures. The 
reaction produced (—)-menthyl chloride and (-+-)-neomenthyl chloride, in proportions which 
varied with the conditions, together with 4-chloromenthane and menthenes (cf. Hiickel and 
Pietrosk, Annalen, 1939, 540, 250). 

When (—)-menthyl chloride was required, menthol (320 g.) was chlorinated with commercial 
phosphorus pentachloride (500 g.) and ferric chloride (100 g.) in light petroleum (1100 c.c.) 
at 0°. After the acids had been removed with aqueous sodium carbonate, the (—)-menthyl 
chloride was crystallised and collected at —80°, and recrystallised several times from ethyl 
alcohol at that temperature, the progress of purification being followed by the optical rotation. 
The material was finally dissolved in ether, freed from alcohol by washing with aqueous sodium 
chloride, recovered, and given a non-ebullient distillation in a good vacuum at 25°, the receiver 
being cooled in liquid air. The pure liquid chloride had «?? —49-6° (/ 10 cm.). 

Ve obtained (-}-)-zeomenthyl chloride only as a concentrate still containing (—)-menthyl 
chloride, but this permitted study of the kinetics and products of the elimination processes of 
the former, more reactive chloride. Menthol (120 g.) was now chlorinated with pure phosphorus 
pentachloride (200 g.) in light petroleum (450 c.c.) at 80—-100°. After the acids had been 
washed out and the organic solvent removed, the product was shaken with concentrated 
sulphuric acid (10 c.c.) in order to eliminate olefins. The residual chlorides were separated, 
given a non-ebullient distillation in a good vacuum, and then heated at 64° for 15 hr. with 
** 80% "’ aqueous ethyl alcohol in order to destroy the 4-chloromenthane. The material, 
recovered by pouring of the reaction product into aqueous sodium chloride, extraction with light 
petroleum, and distillation of the solvent, was treated, as before, with concentrated sulphuric 
acid, for the purpose now of removing the solvolysis products, and was then re-dissolved in light 
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C 
petroleum, washed with aqueous sodium carbonate, and given a final non-ebullient distillation 
in vacuum. The main central fraction (60 g.) had a? +-19-6° (J 10 cm.) (Found: C, 68-3; H, 
10-9; Cl, 20-9. Cale. for C,,H,;Cl: C, 68-7; H, 11-0; Cl, 20-3%). It was shown by kinetic 
analysis, and by its rotatory power, to contain 1°, of 4-chloromenthane, 21°, of (—)-menthyl 
chloride, and 78% of (+)-neomenthy] chloride. 

Kinetics —The solvent was either dry ethyl alcohol, or ‘‘ 80% ’’ aqueous ethyl alcohol, 2.e., 
a mixture of 4 vols. of the alcohol with 1 vol. of water. The temperatures being somewhat 
high, the sealed-tube method was used, second-order rate constants being corrected for ex- 
pansion of the solvent. Introduced concentrations of the organie chlorides and of sodium 
ethoxide were obtained by direct weighing and by volumetric measurements respectively, 
and the losses of these substances by reaction as the tubes were attaining the temperature of the 
thermostat were obtained from a determination of chloride ion in the tubes withdrawn at what 
was to be the time-zero. Cooled tubes were broken under dilute nitric acid, and the reaction 
was followed by potentiometric titration of chloride ion. 

The reactions of menthyl chloride with sodium ethoxide in comparable proportions were of 
mixed order, and the second-order rate constants were therefore obtained by using the alkali 
in constant excess, measuring the resulting first-order constant, ’,’, subtracting the inde- 
pendently determined solvolytic rate constant, ’,, and dividing by the alkali concentration : 
ky = (k,’ — k,)/[NaOEt]. 

The solvolytic constant &, had to be measured by extrapolation methods owing to the loss of 
chloride ion in acid solution through the reaction of hydrochloric acid with ethyl alcohol. In 
one such method, the reaction was started with a deficit of alkali, so that the solution became 
acid while the reaction rate was still easily measurable. Integrated first-order constants, k,’, 
were then computed for successive intervals of time while the alkali was disappearing, and 
these constants were plotted against the relevant mean alkali concentrations, thus giving by 
extrapolation the value of k, at zero alkali concentration. In the ‘* 80% ”’ solvent at 124-9° 
the attack of hydrochloric acid on ethyl alcohol is not very fast, and thus the reaction could be 
studied by starting it in neutral solution, the integrated first-order constants k,’, being extra- 
polated backwards to give the initial constant /). 

The rates of reaction of neomenthyl chloride were examined by using the mixture of chlorides 
of rotatory power ap) = + 19-8° (1 10 cm.). In alkaline solution a reaction curve of normal 
type, due to neomenthyl chloride, was succeeded by a slightly sloping continuation curve, due to 
menthyl chloride, which could be treated as linear for the times occupied by the reaction of 
neomenthyl chloride. Back-production .of this linear curve gave the correction for the 
simultaneous reaction of menthyl chloride, which was to be applied in computing the amount 
of reaction of neomenthyl chloride. The axial intercept of the curve produced gave the com- 
position of the original mixture of chlorides: in runs at different temperatures, and with different 
solvents, and different concentrations of alkali, this was found to be within 1% of the composition 
already noted. Rate constants were computed from the record of the first 75% of the reaction 
of neomenthy] chloride, a range in which the correction for the simultaneous reaction of menthyl 
chloride was not above 2%. The reaction of meomenthyl chloride in alkaline solution was 
found to be much more nearly of the second order than the corresponding reaction of menthyl 
chloride, but the simultaneous solvolytic reaction was not negligible. Allowance was made 
for it by conducting the alkaline reaction in such conditions that good apparent second-order 
rate constants, k,’, could be calculated from the results, and then subtracting the independently 
determined solvolytic rate constant divided by the mean alkali concentration: k, = 
k,’ — k,/[NaOEt]. 

The solvolytic rate for meomenthyl chloride was determined in runs which were started in 
neutral solution and thus became acid, allowance being made for the reaction of menthyl 
chloride with the aid of the first-order rate constant already measured for that substance. In 
principle the error caused by the reaction of hydrochloric acid with the solvent was eliminated 
by the second of the extrapolation methods already described; but in practice, owing to the 
relative rapidity of the solvolysis of meomenthyl chloride, the correction involved was 
unimportant. 

In some runs conducted in the presence of sodium acetate the disappearance of chloride ion 
by reaction with the solvent did not take place, and first-order rate constants of solvolysis 
could be computed in the ordinary way. 

Proportions of Olefin.—Menthenes were estimated in some cases at the conclusion of reaction, 
and in others at the time-zero and at various later stages during the progress of reaction. 

The determination of menthenes by halogen uptake proved difficult, and we therefore re- 
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sorted to quantitative hydrogenation with Adams's platinic oxide catalyst, the platinum being 
produced in a mixture of equal volumes of ethyl alcohol and acetic acid, before the ethyl 
alcoholic solution of the menthenes to be reduced, together with an equal volume of acetic 
acid, both saturated with hydrogen, were introduced with careful exclusion of air. The reaction 
vessel being provided with a jacket at 25° and shaken mechanically, the uptake of hydrogen 
became complete within 30 min., and could be read on the gas-burette. Experiments with 
weighed samples of the menthenes in about 0-05m-solution gave results good to within 2%. 

Kinetic Results.—The more important results are summarised in Table 1. The last group 
of entries requires some further explanation. 

During our experiments on the preparation of concentrates of neomenthyl chloride, a sample 
of mixed isomers was obtained from which the 4-chloromenthane had not been removed. It had 
aw” +8-0° (1 10 cm.), and was subsequently shown by kinetic analysis to contain 19% of the 
tertiary chloride. This is the most rapidly solvolysed chloride, and the opportunity was taken 
to measure its first-order rate of solvolysis, the method being the same as that already described 
for finding the solvolysis rate of neomenthyl chloride in the presence of more slowly reacting 
menthyl chloride. As can be seen from the last two entries in the Table, the rate constant was 


the same in acid and alkaline solution. 


TABLE 1. Rate constants and proportions of olefin formed in alcoholic solvents from 
isomers of menthyl chloride tn the presence or absence of alkali. 


Run Initial Initial 10°k,’ (,’ in 10°k,’ (R,’ in 10°R, (A, in 10°R, (Rg in Olefin 
no. [RCl] [NaOEt] sec.) sec.-! mole~! 1.) sec.~!) sec.~! mole™ 1.) (%) 
(—)-Menthyl chloride in dry EtOH at 160-4°. 

0-1796 1-027 ~10-1 

0-0520 1-026 10-9 

0-0402 0-978 10-6 

0-0177 0-936 9-84 

0:0512 1-396 15:3 

0-0448 1-917 21-1 


0-0505 2-047 22-2 — 


95 
96 


0-0490 2-385 25-4 
0-2030 2-050 —- 
00382 0-0177 1-10—0-92 
0-0381 0-0188 1-08—0-91 
0-1920 — — 

(In this series, the olefin was determined at the conclusion of reaction.) 


(—)-Menthyl chloride in dry EtOH at 124-9°. 
13. (0-1014~—s:1-914 1-23 — — 0-74 
(The rate-constant is not corrected for a small amount of simultaneous solvolysis. 
determined at the end of reaction.) 


(—)-Menthyl chloride in ‘‘ 80% ” ag. EtOH at 124-9°. 
170-1164 _— 0-39—0-27 — — 
18 01177 — — — 
(Olefin was determined at the end of reaction.) 


Olefin was 


(+)-neoMenthyl chloride in dry EtOH at 124-9°. 
0-0940 0-1580 — 193 
0-0994 0-3640 — 161 
0:0674 1-023 — 146 
0-0613 1-483 os 141 
0:0374 0-0171 5:8—2-1 — 

(+)-neoMenthyl chloride in dry EtOH at 99-5°. 

30 =. 01050 1-702 — 18:4 


(+)-neoMenthyl chloride in ‘* 80% ” aq. EtOH at 124-9°. 
26 = 00-0921 -- 16-3 -— 16-3 — = 
27 0-0884 — on a —_ =< 96, 96, 95 
(In the above eight runs, [RCI] refers to the neo-isomer, not the total chlorides. Olefin was determined 
at known times in the course of reaction.) 


4-Chloromenthane in “‘ 80% ” ag. EtOH st 64-0°. 
33 =: 00-0396 — 25-4 — 
34 0-0418 0-0512 25°9 — 
((RCl} refers to the 4-chloromenthane only.) 
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Analysis of the Menthenes——The menthene mixtures to be analysed were isolated from 
experiments in which about 25 g. of menthyl or neomenthy] chloride were decomposed in con- 
ditions such that the rate and kinetic constitution of the reactions were known. The alcoholic 
solution of the decomposition products was poured into aqueous sodium chloride and extracted 
with pentane, and the menthene mixture was isolated by distillation under reduced pressure, 
and redistillation over sodium. The analysis was effected by measurement of the optical 
rotation, and its remeasurement after the menth-3-ene had been racemised by being heated 
with ethyl-alcoholic toluene-p-sulphonic acid, the menthene mixture being recovered as before. 

Analytical Results—The conditions of the principal experiments are in the upper part of 
Table 2, while the corresponding results are given in the lower part. 

According to Hiickel, Tappe, and Legutke, to whom the analytical method is due (loc. cit.), 
menth-2-ene has «7? 107° (110 cm.). On the assumption that no racemisation occurs to menth- 
3-ene bimolecularly produced in alkaline solution, our data lead to the conclusion that menth- 
3-ene has the maximum rotation «7 +76-2° (110 cm.). 

TABLE 2. Proportions of menth-2- and -3-ene in the mixed menthenes formed from menthyl 
and from neomenthyl chloride by reaction in alcoholic solvents in the presence or absence 
of alkali. 

(A) Conditions of reaction. 

Product Mean EtOH Time Order of olefin- 
run no. Chloride [NaOEt] solvent Temp (hr.) forming reactions 

Yr Menthyl 2-4 Dry 160-4° 12 97% 2nd, 3% Ist 

P2 Menthyl None * 80% ” 124-9 192 : 100% aaa 

7 neo- +- - 99°, 2nd of neo- 
Pé 376° menthyl j 2-0 Dry 99-5 ‘ 1-2% ond of centhet 


sv § 73% neo- + 1 ; ¢ enos * 24.C § 98° Ist of neo- 
Ps 27° menthyl J None 80% 136-9 ‘ 1-8 Ist of menthyl 


(B) Composition of menthenes. 
af? (2 10 cm.) Menth-2-ene (%) 
Product ees en : bireiade % : eat 
run no. before rac. after rac. in total in main reaction 
P ] +. 106-7 + 104-2 98 100 in 2nd order of menthyl 
P 2 + 33:6 + 34-2 3: 32 in Ist ie a 
P4 + 83-4 +- 24-6 22: 22 in 2nd neomenthyl 
P5 + 2-4 + 1-8 . 1-2 in Ist te 


WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, GOWER Srt., Lonpon, W.C.1. [Recetved, July 10th, 1953.} 


786. Heterocyclic Fluorine Compounds. Part I. Monofluoro- 
1: 2:3: 4-tetrahydrocarbazoles and Monofluorocarbazoles. 


By F. L. ALLEN and H. SuscHITzky. 


The four monofluorocarbazoles and monofluoro-1 : 2: 3: 4-tetrahydro- 
carbazoles substituted in the benzene ring have been prepared by a Borsche 
synthesis and suitably characterised. Since the Borsche method led to an 
ambiguous result with 2- and 4-fluorocarbazole, these compounds were also 
made by an unambiguous route. The preparation of 1- and 3-fluorocarbazole 
by Balz-Schiemann reaction of the corresponding aminocarbazoles is also 
described. 


5-, 6-, 7-, and 8-FLuoRo-1 : 2: 3 : 4-TETRAHYDROCARBAZOLES (as 1) have been made by a 
Borsche synthesis from the o-, m-, and p-fluorophenylhydrazones of cyclohexanone (cf. J., 
1953, 3326). Cyclisation of cyclohexanone m-fluorophenylhydrazone led to a mixture 
of 5-fluoro- and 7-fluoro-1 : 2:3: 4-tetrahydrocarbazole. An attempt to separate the 
mixture by chromatography in ultra-violet light led to decomposition of the substances, 
and a liquid chromatogram had to be used. The constituents were indirectly identified 
by dehydrogenating them to the corresponding fluorocarbazoles which were then compared 
with unambiguously synthesised reference compounds. The preparation of 7-fluoro- 
1: 2:3: 4-tetrahydrocarbazole as a reference compound from the corresponding amino- 
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compound by a Balz-Schiemann reaction was unsuccessful. A fluorine-free substance of 
high melting point was obtained which is reminiscent of the Bismarck brown formation. 
The two chromatographically separated fluorotetrahydrocarbazoles, m. p.s 18° and 142°, 
yielded 4- and 2-fluorocarbazole on dehydrogenation, and were therefore 5- and 7-fluoro- 
tetrahydrocarbazoles, respectively. Cyclisation of cyclohexanone o-fluorophenylhydrazone 
in glacial acetic acid yielded only 8-fluoro-1 : 2: 3: 4-tetrahydrocarbazole. When, how- 
ever, dilute sulphuric acid was used, a small quantity of a by-product, m. p. 167°, was 
isolated, possessing phenolic properties and containing no fluorine. This is possibly 
identical with the so-called “1 : 2: 3: 4-tetrahydro-12-hydroxyisocarbazole ’’ (II), m. p. 
172° (Barnes, Pausacker, and Schubert, J., 1949, 1381), which has recently been regarded 
as 1 : 2:3: 4-tetrahydro-6-hydroxycarbazole by Milne and Tomlinson (/J., 1952, 2789). 
OH 
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The fluorotetrahydrocarbazoles were converted into the corresponding fluorocarbazoles 
by refluxing them with chleranil in sulphur-free xylene (Barclay and Campbell, J., 1945, 
530). This dehydrogenation required longer reflux times and gave smaller yields than that 
of the corresponding chloro- and bromo-compounds (cf. tdem, loc. cit.). Since 2- and 
4-fluorocarbazole were needed as reference compounds in the ambiguous ring-closure of 
cyclohexanone m-fluorophenylhydrazone, they were prepared by an additional synthesis. 
2-Fluorocarbazole was obtained by a Graebe-Ullmann synthesis : 5-fluoro-2-nitrodipheny]- 
amine (in the press) was reduced to the 2-amino-compound which on diazotisation afforded 
the fluorobenzotriazole (III). Prolonged strong heating of (III) in a sealed tube yielded a 
small quantity of 2-fluorocarbazole. Low yields attending a Graebe-Ullmann reaction 
with negatively substituted triazoles appear to be general (cf. Preston, Tucker, and 
Cameron, /., 1942, 500; Clifton and Plant, /., 1951, 461). 

4-Fluorocarbazole was made by a Borsche reaction from cyclohexanone 3-fluoro-6- 
methylphenylhydrazone (Suschitzky, in the press). Treatment with acetic acid gave the 
5-fluoro-1 : 2: 3: 4-tetrahydro-8-methylcarbazole which on dehydrogenation with chloranil 
gave 4-fluoro-l-methylcarbazole and a small quantity of the l-carboxylic acid; the latter 
presumably arising by oxidation of the methyl group. 

The methyl group, which had prevented the cyclisation of the hydrazone taking 
place in two directions, was eliminated by oxidation of the methylcarbazole to the 
carboxylic acid with selenium dioxide and hydrogen peroxide, followed by decarboxylation 
with copper chromite (Plant and Wilson, /., 1939, 237). It is of interest that this 1-methyl 
group responds to oxidative attack by selenium dioxide in a manner generally observed 
with activated methyl groups in heterocyclic compounds. 

2- and 4-Fluorocarbazole were also made by dehydrogenation of the mixture of the 
5- and 7-fluorotetrahydrocarbazoles, followed by chromatographic separation of the 
reaction product in ultra-violet light. It was observed that the adsorptive behaviour of 
the 2- and 4-fluorocarbazole is similar to that of their parent tetrahydrocarbazoles. This 
relationship seems to indicate that the extent of hydrogen-bond association is of the same 
order in both series of compounds (Hoyer, Kolloid Z., 1951, 121, 121). 

The identities of 1- and 3-fluorocarbazole were confirmed by a Balz-Schiemann reaction 
on the corresponding aminocarbazoles. 


EXPERIMENTAL 
Diazonium borofluorides were decomposed in dry nitrogen. Diazonium nitrogen in di- 
azonium borofluorides was estimated by Schiemann and Pillarsky’s method (Ber., 1929, 62, 
3035). In chromatograms activated alumina, type H (P. Spence), was used. 
Fluorine-substituted Tetrahydrocarbazoles.—The cyclohexanone  fluorophenylhydrazones 
(Suschitzky, in the press) were cyclised by refluxing them with five times their weight of 
glacial acetic acid for 0-5—1 hr., except that the o-fluorophenylhydrazone had to be heated 
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for 3 hr. The crude product obtained by dilution of the reaction mixture with aqueous 
ethanol or water was washed free from acid (dilute ammonia solution) and then recrystallised. 
The m-fluorophenylhydrazone (6 g.) yielded a mixture (5-4 g.; 6: 5) of 5-fluoro- and 7-fluoro- 
1: 2:3: 4-tetrahydrocarbazole; these were separated in benzene solution (350 c.c.) on alumina 
(40 cm. x 1:5cm.). The chromatogram was developed with light petroleum (b. p. 60—80°)-— 
benzene (1: 9) to which in the later stages 1% of carbon tetrachloride was added. The least 
strongly adsorbed fraction yielded the 7-fluoro-isomer; the 5-fluoro-isomer was obtained from 
subsequent percolates. 

5-Fluoro-1 : 2:3: 4-tetrahydrocarbazole (39:4%), m. p. 18°, was unstable to light (Found: 
C, 76-1; H, 6-1; N, 7-7. C,,H,,NF requires C, 76-2; H, 6-3; N, 7:-4%). The picrate formed 
small red needles, m. p. 156°, from ethanol (Found: N, 13-2. C,,H,,0;N,F requires N, 13-4%), 
and the s-trinitrobenzene derivative blood-red needles, m. p. 175°, from ethanol (Found: N, 
13-6. C,,H,,O,N,F requires N, 13-9%). 

6-Fluoro-1 : 2:3: 4-tetrahydrocarbazole was obtained as plates (71-8%), m. p. 103—104°, 
from benzene-light petroleum (1:1) (Found: C, 76-0; H, 6-5; N, 7-1%). The picrate formed 
copper-coloured, feathery crystals, m. p. 140°, from ethanol (Found: N, 13-4%), and the 
s-trinitrobenzene derivative dark-red needles, m. p. 150° (Found: N, 14-19%). 

7-Fluoro-1: 2:3: 4-tetrahydrocarbazole (29-6%), plates (from ethanol), m. p. 142°, was 
unstable to light (Found: C, 76:2; H, 6-1; N, 7:3%). The picrvate was obtained as long, red 
needles, m. p. 129°, from ethanol (Found: N, 13-:2%), and the s-trinitrobenzene derivative as 
red, feathery needles, m. p. 156°, also from ethanol (Found: N, 14:0%). 

In another experiment, 7-amino-1: 2:3: 4-tetrahydrocarbazole hydrochloride (1-5 g.), 
made by Perkin and Plant’s method (J., 1921, 1825; 1923, 676), was diazotised in 40% aqueous 
acetic acid with solid sodium nitrite at low temperature in the presence of sodium borofluoride. 
Strong effervescence was observed, and the product, a dark-brown solid, m. p. 240—300°, 
containing a trace of fluorine, was not further investigated. 

8-Fluoro-1 : 2:3: 4-tetrahydrocarbazole was obtained as plates (56%), m. p. 71°, from 
benzene—light petroleum (3:2) (Found: C, 76-3; H, 6-6; N, 7-6%). The picrate formed 
blood-red needles, m. p. 128—129°, from ethanol (Found: N, 13-69%), and the s-trinitrobenzene 
derivative dark-red needles, m. p. 126° (Found: N, 14-2%). 

In a second experiment cyclohexanone o-fluorophenylhydrazone (4 g.) was heated with 
aqueous sulphuric acid (1: 8 by vol.; 40g.) forlhr. Extraction of the syrupy product with light 
petroleum (b. p. 60—80°) yielded 8-fluoro-1 : 2: 3: 4-tetrahydrocarbazole (29%). Treatment 
of the oily residue with saturated ethanolic picric acid and basification (ammonia) of the 
resulting dark-red solution afforded a solid, m. p. 165—167° (0-05 g.) which might have been 
the 6-hydroxy-compound or (II). It gave a negative test for fluorine and was soluble in sodium 
hydroxide solution. 

5-Fluoro-1 : 2: 3: 4-tetrahydro-8-methylcarbazole formed small needles (74-59%), m. p. 43°, 
from light petroleum (b. p. 40°) which were unstable to light (Found: C, 77-0; H, 7-0; N, 6-6. 
C,3H,4NF requires C, 76:8; H, 6-9; N, 6:9%). The picrate formed dark-red rosettes, m. p. 
137°, from ethanol or benzene (Found: N, 13-3. C,,H,;,0;N,F requires N, 12-9%). 

Fluorocarbazoles.—The fluorotetrahydrocarbazoles were dehydrogenated with chloranil in 
boiling xylene (Barclay and Campbell, J., 1945, 530). After evaporation of the solvent on a 
steam-bath, the residue was refluxed with 3n-alcoholic potassium hydroxide (5% ethanol) for 
0-5 hr., collected, washed with 3n-sodium hydroxide until the wash liquid was colourless, and 
finally recrystallised and sublimed. Details are given in the Table. 

Tetrahydrocarbazole Carbazole Time of reflux, hr. Yield, % 


8-Fluoro- -Fluoro- 30 
Fluoro- -Fluoro- 26 


1 

- 2 
6-Fluoro- 3 
5 4 
4 


F 
Fluoro- 28 
Fluoro- 24 
Fluoro-1-methyl- 26 


5-Fluoro- - 
5-Fluoro-8-methyl- - 
The product (2-0 g.) obtained by dehydrogenation of the mixture of 5- and 7-fluoro- 
tetrahydrocarbazole (see above) was resolved in benzene solution (2%) on alumina 
(28cm. x 1-5cm.). Benzene—light petroleum (5°; b. p. 40°) was used as developer until two 
distinct bands of bluish fluorescence (ultra-violet light) were obtained. Extraction of the 
lower and the upper band with ethanol yielded crude 2- and 4-fluorocarbazole, respectively. 
Results of dehydrogenation experiments are quoted under (a). 
1-Fluovocarbazole. (a) This carbazole formed plates, m. p. 145°, from benzene (Found: C, 
7; H, 4-2; N, 7-8. C,,.H,NF requires C, 77-8; H, 4:3; N, 7-6%). The picrate was obtained 
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as red needles, m. p. 152—153°, from ethanol (Found: N, 13-3. C,g3H,,0O,N,F requires N, 
13-5%), and the s-trinitrobenzene derivative as orange needles, m. p. 156—160° (Found: N, 
14:4. C,,H,,O,N,F requires N, 14:1%). The N-nitroso-derivatve was prepared in glacial 
acetic acid with aqueous sodium nitrite (20%; 1 equiv.) and formed lemon-coloured plates, 
m. p. 106°, from ethanol (Found: N, 13-4. C,,H;,ON,F requires N, 13-1%). 

(6) In another preparation, o-nitrophenylhydrazine (10 g.), prepared by Bischler’s method 
(Ber., 1889, 22, 2801), was condensed with cyclohexanone (6-4 g.), and the resulting hydrazone 
boiled with aqueous sulphuric acid (1 acid : 9 water, v/v) for 3hr. The resulting tetrahydro-8- 
nitrocarbazole (69-2%) yielded 1-nitrocarbazole, m. p. 186° (51%), on treatment with chloranil. 
The nitro-compound (3 g.) was dissolved in a hot mixture of ethanol (40 c.c.) and 40% aqueous 
potassium hydro xide solution (12 c.c.), and 20% aqueous sodium dithionite solution (60 c.c.) 
added dropwise until the mixture became colourless. Addition of a large excess of water 
yielded l-aminocarbazole, greyish needles (from benzene), m. p. 190° (decomp.) [Lindemann 
and Werther (Ber., 1924, 57, 1316) give m. p. 193°]. This (1-5 g.) was triturated with concen- 
trated hydrochloric acid (20 c.c.) and water (10 c.c.) and then diazotised at —20° with solid 
sodium nitrite (0-7 g.). Addition of sodium borofluoride solution (40%; 5 c.c.) yielded 
carbazole-\-diazonium borofluoride as a pale-green solid (56%), decomp. 107—110° (Found : 
diazonium N, 10-5. C,,H,N,;F,B requires diazonium N, 10-0%). Its pyrolysis afforded 
1-fluorocarbazole (16%), m. p. 140° raised by admixture with sample (a) to 142—144°. 

2-Fluorocarbazole. (a) The 2-fluoro-compound formed plates (sublimation), m. p. 221° 
(Found: C, 77:6; H, 4:5; N, 78%). It gave a picrate, light-red needles, m. p. 169° (Found : 
N, 13:6%), s-trinitrobenzene derivative, orange needles, m. p. 178° (Found: N, 14:0%), and 
N-nityoso-compound, pale green needles and plates, m. p. 88° (Found: N, 13-1%). 

(b) An ethanolic solution of 3-fluoro-6-nitrodiphenylamine (5 g.) (Suschitsky, in the press) 
was added gradually to hot ethanolic stannous chloride (15 g. of the dihydrate) containing 
concentrated hydrochloric acid (50 c.c.). 6-Amino-3-fluorodiphenylamine (70-6%), m. p. 87°, 
was obtained in greyish needles (from benzene) (Found: C, 71-1; H, 5-4; N, 14:1. C,,H,,N.F 
requires C, 71-3; H, 5-4; N, 138%). Alternatively the reduction was carried out in higher 
yield (77%) by addition of sodium dithionite (excess) to the nitro-compound (5 g.) dissolved 
in ethanol (200 c.c.) and 40% potassium hydroxide (100 c.c.). The amine (2 g.) was diazotised 
in 10% sulphuric acid (15 c.c.) containing some ethanol (2 c.c.) with solid sodium nitrite (0-7 g.) 
at 0°. After 2 hr. at room temperature the mixture deposited a solid which was purified by 
sublimation yielding 6-fluoro-1-phenylbenzotriazole as needles (62%), m. p. 113—115° (Found : 
C, 67:7; H, 3-4; N, 19-6. C,,H,N,F requires C, 67-6; H, 3-7; N, 19-7%). The triazole 
(2 g.) was heated in a sealed tube at 350—380° for 2 hr. and the product extracted with light 
petroleum (b. p. 60—80°). 2-Fluorocarbazole was obtained on sublimation as iridescent plates 
(21%), m. p. and mixed m. p. with a sample from (a) 218—220°. 

3-Fluorocarbazole. (a) The 3-isomer crystallised from ethanol in plates, m. p. 202—203° 
(Found: N, 7:-4%). The picrate, rosettes of red needles, had m. p. 157—159° (Found: N, 
13-99%), the s-trinitrobenzene derivative, red needles, m. p. 175° (Found: N, 14:2%), and the 
N-nitroso-derivative, lemon-coloured plates, m. p. 116° (Found: N, 13-0%). 

(b) Carbazole residues (containing 40% of carbazole) were purified by several recrystallis- 
ations from toluene. To remove anthracene, the product (16 g.), m. p. 242°, and maleic 
anhydride (2 g.) were refluxed in toluene (270 c.c.) for 5 hr., slightly cooled, and filtered. The 
filtrate deposited pure carbazole in plates, m. p. 246° (corr.) ; a solution in concentrated sulphuric 
acid was colourless. 3-Nitrocarbazole (10 g.), prepared by Lindemann’s method (Ber., 1924, 
57, 555), was dissolved in a mixture of ethanol (125 c.c.) and aqueous potassium hydroxide 
(50 c.c.; 40%) and reduced with 20% sodium dithionite solution (200 c.c.). Addition of 
water (500 c.c.) afforded 3-aminocarbazole (77%), silver-grey plates (from toluene), m. p. 250° 
(Found: C, 79-2; H, 5-3; N, 15-0. Calc. for C,,H,)N,: C, 79-1; H, 5:5; N, 15-3%). Ruff 
and Stein (Ber., 1901, 34, 1668) give m. p. 254°. The amine (3 g.) was triturated with hydro- 
chloric acid (50 c.c.; containing 15 c.c. of concentrated hydrochloric acid) and then diazotised 
with 20% sodium nitrite solution at 8—10°. The filtrate deposited brown needles which were 
collected and dissolved in lukewarm water. Addition of hydroborofluoric acid (5 c.c.; 34% 
w/w) yielded pale-green, light-sensitive carba:ole-3-diazonium borofluoride (89%), m. p. 145° 
(decomp.) (from aqueous acetone) (Found: diazonium N, 10-2. C,,H,N;F,B requires 
diazonium N, 10-0%). Decomposition of the borofluoride was accompanied by sublimation of 
dark-green particles with bluish fluorescence. The brown residue was extracted with warm light 
petroleum (b. p. 60—80°), and the extract washed with sodium hydroxide solution (20%), 
dried, and evaporated. Sublimation of the residue afforded plates of 3-fluorocarbazole (38%), 
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m. p. 204—205°, mixed m. p. with a sample from (a) 204° (Found: C, 77:8; H, 4:4; N, 7:3. 
C,,.H,NF requires C, 77:8; H, 4:3; N, 7:6%). 

4-Fluorocarbazole. (a) The 4-fluoro-compound formed plates, m. p. and mixed m. p. with a 
sample from (6) 105° (Found : C, 77-7; H, 4:0; N, 7-8%). The picrate formed blood-red needles, 
m. p. 150° (Found: N, 13-7%), the s-trintfrobenzene derivative, orange needles, m. p. 157° 
(Found: N, 14-09%), and the N-nitroso-derivative, greenish plates, m. p. 119° (Found: N, 
13-3%). 

(b) The crude product from the chloranil treatment of 5-fluoro-1 : 2: 3: 4-tetrahydro-8- 
methylcarbazole was dissolved in a saturated ethanolic solution of picric acid. Cooling 
precipitated a dark-red solid which was decomposed with ice-cold ammonia solution and the 
product extracted with cold dioxan. A small residue was recognised as 4-fluorocarbazole-1- 
carboxylic acid (see below). Evaporation of the extract afforded 4-fluoro-1-methylcarbazole in 
small plates (from ethanol), m. p. 106—108° (Found: C, 78:2; H, 4:8; N, 7:3. C,,;H,)NF 
requires C, 78-3; H, 5-0; N, 7-0%). The picrate formed bright-red plates, m. p. 114° (Found: 
N, 12:8. C,,H,,0;N,F requires N, 13-0%). To a well-stirred solution of 4-fluoro-]1-methyl- 
carbazole (1-2 g.) in decalin (40c.c.) kept at about 170° selenium dioxide (0-7 g.) was gradually 
added, and after 2 hr. the mixture was cooled and filtered. The dark-brown oil obtained on 
evaporation of the filtrate under reduced pressure was treated with acetone (10 c.c.) and 
hydrogen peroxide (2 c.c.; 30%) and set aside for 16 hr. After addition of water (50 c.c.) the 
mixture was refluxed for several hours and the light-brown solid filtered off and recrystallised 
from aqueous acetone. 4-Fluorocarbazole-l-carboxylic acid was obtained as a white powder 
(32%), m. p. 287—289° (Found: C, 67-9; H, 3-6; N, 6-4. C,,H,O,NF requires C, 68-1; H, 
3:5; N, 6:1%). The acid (1 g.) and copper chromite (0-13 g.) were heated at about 195° in 
quinoline (25 c.c.) (Plant and Wilson, /., 1939, 237) until evolution of gas had ceased (approx. 
3 hr.); the mixture was then cooled, the solvent removed with hydrochloric acid, and the 
residue extracted with ether. Washing of the ethereal extract with sodium hydroxide solution 
and sublimation of the residue obtained from evaporation of the solvent afforded 4-fluoro- 
carbazole (22%), m. p. 104°. 

The authors thank Salamon and Co., Rainham, Essex, for gifts of carbazole residues and 
commercial carbazole. 
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787. Chemistry of the Vitamin B,, Group. Part III.* 
The Course of Hydrolytic Degradations. 


By J. B. ArmiTaceE, J. R. Cannon, A. W. Jounson, L. F. J. PARKER, E. LESTER SMITH, 
W. H. Starrorp, and A. R. Topp. 


The hydrolysis of vitamin B,, under a wide variety of experimental con- 
ditions has been studied. Electrophoresis on paper has proved most useful 
for analysing the complex mixtures of basic, neutral, and acidic products 
so formed. Vitamin B,, contains three primary amide groups, which can be 
hydrolysed stepwise, under comparatively mild conditions, to the correspond- 
ing acids. Theacids so obtained, three mono-, three di-, and one tri-basic, 
have all been reconverted into the parent vitamin. Conditions for the 
hydrolytic removal of the 5 : 6-dimethylbenziminazole nucleotide, both before 
and after hydrolysis of the amide groups, have been defined and the crystalline 
free nucleotide has been isolated. 1-Aminopropan-2-ol is believed to be 
attached by ester linkage to the nucleotide and by amide linkage to the rest 
of the molecule. The moderately stable cobalt-containing end products from 
vigorous acid hydrolysis contain five, six, and seven acidic groupings and, 
from alkaline hydrolysis, five and six acidic groupings. 


THE combined results of the degradative work so far reported on vitamin B,,, the anti- 
pernicious anaemia factor, have led to the partial formula (I) for the vitamin. Its precise 
molecular formula is not known with certainty, but Cg, ¢4H gq 92043-14N14PCo covers the 
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figures so far published (Brink, Wolf, Kaczka, Rickes, Koniuszy, Wood, and Folkers, /. 
Amer. Chem. Soc., 1949, 71, 1854; Alicino, tbid., 1951, 73, 4051). 
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A feature of the structure (I) is the 5 : 6-dimethyl-1-(«-p-ribofuranosyl)benziminazole- 
2’(or 3’) phosphate residue, which must be fully esterified as the vitamin itself contains 
no free acidic groups. The benziminazole nucleotide has been isolated from the products 
of acid hydrolysis of vitamin B,,, both as the barium salt (Buchanan, Johnson, Mills, and 
Todd, J., 1950, 2845) and as the free acid (Kaczka, Heyl, Jones, and Folkers, J. Amer. 
Chem. Soc., 1952, 74, 5549; see also Experimental section), and a synthesis has been 
reported (Kaczka et al., loc. cit.), although the point of attachment of the phosphate to 
the sugar side-chain (7.e., whether 2’ or 3’) is still uncertain. The corresponding nucleoside 
has also been isolated from acid hydrolysates (Brink and Folkers, J. Amer. Chem. Soc., 
1952, 74, 2856) and its structure, 5 : 6-dimethyl-1-(«-p-ribofuranosyl)benziminazole, has 
been confirmed by synthesis (Holly, Shunk, Peel, Cahill, Lavigne, and Folkers, tbid., p. 
4521); 5: 6-dimethylbenziminazole itself has been isolated from the products of vigorous 
acid hydrolysis of the vitamin (Brink and Folkers, tbid., 1950, 72, 4442; Beaven, Holiday, 
Johnson, Ellis, Mamalis, Petrow, and Sturgeon, J. Pharm. Pharmacol., 1949, 1, 957). 

Ammonia and D,-l-aminopropan-2-ol (Wolf, Jones, Valiant, and Folkers, J. Amer. 
Chem. Soc., 1950, 72, 2820) are also produced on acid hydrolysis, and it has been claimed 
by Chargaff, Levine, Green, and Kream (Experientia, 1950, 6, 229) that two moles of the 
alkanolamine and four—five moles of ammonia are formed from each mole of the vitamin 
after hydrolysis with 6N-hydrochloric acid for 6 hr. at 100° in a sealed tube. On the other 
hand Cooley, Davies, Ellis, Petrow, and Sturgeon (J. Pharm. Pharmacol., 1953, 5, 257) 
found only one mole of aminopropanol and approximately six moles of ammonia. Under 
the conditions of hydrolysis specified by Cooley et al. we have obtained results similar to 
theirs, but using stronger acid (11N) we have at times obtained values approximating to 
2 moles of aminopropanol per mole. Although at present we have no satisfactory explan- 
ation of the anomalous results with stronger acid, we believe that the balance of evidence 
favours the conclusion of Cooley ef al. that only one aminopropanol residue is present. 
Hydrolysis of the vitamin with hot saturated barium hydroxide yielded ca. 5 moles of 
ammonia per mole. There is as yet no precise information on how these bases are combined 
within the vitamin B,. molecule. 

Of the other features in the partial structure (I), the presence of the cyanide group was 
deduced from the results of permanganate oxidation (Brink, Kuehl, and Folkers, Science, 
1950, 112, 354), and the co-ordinate linkage between Ni.) of the benziminazole nucleus 
and the cobalt atom was postulated on spectroscopic evidence (Beaven, Holiday, Johnson, 
Ellis, and Petrow, J. Pharm. Pharmacol., 1950, 2, 733, 944). Vitamin B,», now officially 
designated cyanocobalamin (Kaczka, Wolf, Kuehl, and Folkers, Science, 1950, 112, 354; 
[.U.P.A.C., J., 1951, 3526), may be converted into other members of the cobalamin series, 
e.g. vitamin Bio, (or Big,) (hydroxocobalamin) or By2, (nitritocobalamin), by replacement 
of the cyano-group with one of several other residues (Kaczka, Wolf, Kuehl, and Folkers, 
J. Amer. Chem. Soc., 1951, 78, 3569; Lester Smith, Ball, and Ireland, Biochem. J., 1952, 
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52, 395). The other cobalamins can be reconverted into vitamin Bj, itself by treatment 
with cyanide ions. 

The remainder of the vitamin B,, molecule is obtained in the acid hydrolytic products 
as a red cobalt-containing gum, which is acidic and from its physical nature and from the 
results of simple partition experiments is obviously a mixture. The acidic groups are 
esterified when alcoholic solutions of acids are used for the hydrolysis of the vitamin. 
Partition distribution has been employed by Schmid, Ebnéther, and Karrer (Helv. Chim. 
Acta, 1953, 36, 65) in an attempt to separate the components of the esterified pigment 
mixture obtained from hydrolysis of vitamin B,,. with hydrogen chloride. This method 
of hydrolysis has also been examined in the present investigation and the product shown 
to be a complex mixture. Magnetic evidence (Diehl, Vander Haar, and Sealock, J]. Amer. 
Chem. Soc., 1950, 72, 5812; Record Chem. Progr., 1952, 9; Griin and Menassé, Expertentia, 
1950, 6, 263; Wallmann, Cunningham, and Calvin, Sctence, 1951, 113, 55) and polaro- 
graphic studies (Diehl, Morrison, and Sealock, Experientia, 1951, 7, 60; Lester Smith, 
Fantes, Ball, Waller, Emery, Anslow, and Walker, Biochem. J., 1952, 52, 389) have shown 
that the cobalt in vitamin Bj, is in the tervalent form, and the stability of the complex, 
e.g., to precipitating agents such as hydrogen sulphide (Kaczka, Wolf, Kuehl, and Folkers, 
loc. cit.), to acid hydrolysis, and to exchange with radioactive cobalt (Fantes, Page, Parker, 
and Lester Smith, Proc. Roy. Soc., 1949, B, 136, 592; Baldwin, Lowry, and Harrington, 
J. Amer. Chem. Soc., 1951, 73, 4968; Boos, Rosenblum, and Woodbury, 1b1d., p. 5446), 
indicates that the cobalt is bound very tightly. The possibility that vitamin B,, might 
be a cobalt porphyrin has been considered (cf. also McConnel, Overell, Petrow, and Sturgeon, 
J. Pharm. Pharmacol., 1953, 5, 179), but the ultra-violet absorption spectrum of the vitamin 
does not contain the usual Soret band characteristic of the porphyrins (cf. Lemberg and 
Legge, ‘‘ Haematin Compounds and Bile Pigments,” Interscience Publ., New York, 1949, 
p. 72). Controlled chromic acid oxidations of porphyrins are known to yield maleinimides 
(Muir and Neuberger, Biochem. J., 1949, 45, 163; 1950, 47, 97; Wittenburg and Shemin, 
J. Biol. Chem., 1950, 185, 103; 1951, 192, 315), but none was obtained from similar 
oxidations of the esterified resinous cobalt-containing hydrolysate. Dr. J. G. Buchanan, 
working at Cambridge, has shown that maleinimides can be detected conveniently on paper 
chromatograms by exposing the paper to chlorine or by spraying it with saturated aqueous 
bromine water, removing the excess halogen and then treating it with a potassium iodide— 
starch solution. A similar method for the detection of peptides and related compounds 
has been described by Rydon and Smith (Nature, 1952, 169, 922). 

Experiments carried out in these laboratories have for some time been centred on a 
study of the cobalt-containing hydrolytic products from vitamin B,,. Hydrolyses with 
acid have been carried out under divers conditions, but a complex mixture of cobalt- 
containing compounds has always been obtained. Hydrolyses of the vitamin with aqueous 
sodium or barium hydroxide have also been examined in detail; the products formed under 
various conditions are closely similar to those obtained from acid hydrolyses, viz., ammonia, 
l-aminopropan-2-ol, the 5 : 6-dimethylbenziminazole nucleotide, and mixed red cobalt- 
containing pigments (Tables 1 and 2, pp. 3857, 3858). 

Electrophoretic experiments have furnished an overall picture of the various steps 
involved in the hydrolysis of vitamin B,,, under either acid or alkaline conditions. Except 
in hydrolyses with concentrated acids, which will be considered later, treatment with acid 
or alkali brings about several changes, including the hydrolysis of the cyanide group and 
the evolution of some ammonia, before the nucleotide is liberated, and this in turn occurs 
before the aminopropanol is set free. Finally, other transformations, not yet fully under- 
stood, are brought about under more vigorous conditions before relatively stable compounds 
are produced. Ionic cobalt has not been liberated under any of the hydrolytic conditions 
so far investigated, and the red colour of the pigments persists throughout. 

The course of hydrolysis is extremely complex and in the following account it may be 
of assistance to indicate first of all the general methods employed, and the basic features 
of our interpretation of results, and to follow this by discussion of the products obtained 
by hydrolysis with and without removal of the nucleotide portion of the molecule. 

Methods.—Several methods have been devised for separating both the nucleotide and 
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the mixed pigments from such a mixture of products, the most successful being those 
depending on the application of electrophoretic techniques or of ion-exchange resins. 
Phus a column of the basic resin Amberlite IR-4B retains the nucleotide and the red 
pigments can sometimes be eluted without difficulty. When applicable this represents a 
most convenient method for isolating both nucleotide and pigments. 

On electrophoresis in N-acetic acid on filter paper strips, the 5 : 6-dimethylbenziminazole 
nucleotide travels towards the cathode with low mobility, and can be effectively separated 
in this way from the corresponding nucleoside as well as from free 5 : 6-dimethylbenzimin- 
azole and the cobalt-containing pigments. Electrophoresis on paper at pH 6-5 or 10 is 
invaluable for separating the cobalt-containing pigments into groups differing in the 
number of ionic charges on the molecules. For the electrophoretic separation of the 
components of the pigment mixture, the most convenient solvents have been aqueous 
cyanide solutions, e.g., 0-1N-potassium cyanide (pH ca. 10) or 0-05N-phosphate buffer at 
pH 6-5 containing 0-01% of potassium cyanide. The separations were carried out in the 
first place using Whatman No. 4 or No. 31 extra thick paper with a voltage gradient of 
between 3 and 13 v/cm. In attempts to apply this technique to the preparative separation 
of the various groups of acids, columns of cellulose powder have been used, but for smaller- 
scale work (50 mg. or less) Whatman seed-testing paper (thickness 1-5 mm.) has been most 
satisfactory. Durrum’s method (J. Amer. Chem. Soc., 1951, 73, 4875) of continuous 
electrophoresis on a vertical sheet of filter paper has also been used with some success. 

Electrophoretic Behaviour of Compounds retaining the Nucleotide.—Suitable hydrolysates, 
on electrophoresis at pH 6-5, display five uniformly spaced red zones. The first of these 
(unchanged vitamin B,.) has zero mobility, while the others move one, two, three, etc., 
units of distance towards the anode. This is interpreted as indicating a series of com- 
pounds having roughly similar molecular weights and containing 0—4 acidic groupings. 

Vitamin By, , on treatment with aqueous potassium cyanide, forms a purple complex, 
which contains two cyanide groups (Wijmenga, Veer, and Lens, Biochem. Biophys. Acta, 
1950, 6, 229; Ellis, Petrow, Beaven, Holiday, and Johnson, /. Pharm. Pharmacol., 1950, 
2, 735; Lester Smith, Ball, and Ireland, Biochem. J., 1952, 52, 395). Thus on electro- 
phoresis in cyanide solution at pH 10 it forms the dicyanide complex, which is weakly 
acidic and therefore moves towards the anode as a purple zone. 

The acidic vitamin B,, degradation products that still retain the nucleotide behave in 
a precisely analogous manner; at pH 6-5 the electrophoresis zones are red, whereas at 
pH 10 they are purple and display an additional negative charge due to the second cyanide 
group. 

Electrophoretic Behaviour of Compounds lacking the Nucleotide.—The dicyanide com- 
plexes of vitamin B,, and the related series of acids are unstable at even slightly acid pH. 
In contrast, those of the nucleotide-free compounds are more stable. Consequently on 
electrophoresis in buffer solutions containing cyanide, either at pH 6-5 or at pH 10, com- 
pounds in this series travel as purple zones. They form another series of uniformly spaced 
zones, eight in all, containing 0—7 acidic groupings. On account of their lower molecular 
weight, these products without combined nucleotide have a mobility about 10% greater 
than the corresponding nucleotide-containing ones. 

Hydrolysates containing products in both series separate into alternate red and purple 
zones on electrophoresis at pH 6-5. At pH 10 both travel as purple zones, but distinction 
is still possible because on exposure to the atmosphere the nucleotide-containing products 
change to red, whereas the nucleotide-free products remain purple for several weeks in 
the dark. 

The purple compound of zero mobility that arises on removal of the nucleotide from 
vitamin B,, was at first presumed to contain a basic group which neutralised the acidity 
due to the second cyanide group. Since, however, it behaves as a neutral substance on 
electrophoresis between pH 6-5 and 13, it appears more likely that some group directly 
attached to the cobalt in vitamin B,. has been changed from acidic to neutral (#.e., change 
from a covalent to a co-ordinate bond), thus compensating for the extra cyanide group 
and maintaining the neutrality of the co-ordination complex. In acid solutions the colour 
changes from purple to orange with loss of cyanide, and the molecule displays weakly 
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basic properties. On electrophoresis in N-acetic acid at pH ca. 2, for example, the com- 
pound moves towards the cathode, to about the same distance as vitamin By, (which is 
also basic because a neutral water molecule is attached to the cobalt in place of the CN~ 
group in vitamin B,,). 

The series of acids lacking nucleotide appear to have the same co-ordination state as 
the parent substance; they also move as orange zones to the cathode on electrophoresis 
at pH 2, when the ionisation of the carboxyl groups is suppressed. This leads to the 
phenomenon that in the pH 6-5 electrophoresis pattern of a suitable hydrolysate, adjacent 
red and purple zones contain compounds with the same number of carboxyl groups; at 
pH 10, on the contrary, when all the zones are purple, a compound without the nucleotide 
contains one more carboxyl group than the adjacent zone from a compound retaining the 
nucleotide, because only in the latter series does the second cyanide group confer effective 
acidity on the molecule. Vitamin By, , for example, as dicyanocobalamin, travels nearly 
as far towards the anode as the monocarboxylic acid lacking the nucleotide. 

Hydrolysis with Retention of Nucleotide. Polyamide Character of Vitamin B,,.—When 
vitamin By, was hydrolysed with n/50-hydrochloric acid at room temperature and the 
course of the reaction was followed by electrophoresis, it was found that after a few days 
the main products were the unchanged vitamin and a monocarboxylic acid fraction; on 
further treatment, up to several months, the amounts of these products decreased, and 
there was a progressive increase in the amounts of di- and tri-carboxylic acids (see Table 3). 
Only a trace of a tetracarboxylic acid was obtained under these conditions and the nucleo- 
tide was not removed. With n/5-hydrochloric acid the rate of hydrolysis was increased 
some fifteen times, although the hydrolytic products were apparently identical. Even 
after nearly all the vitamin B,, had disappeared, the colour intensity of these red solutions 
was diminished. Thus direct colorimetry or spectrophotometry, and also all the indirect 
colorimetric assay methods for vitamin B,, (Fantes, Ireland, and Green, Biochem. J., 1950, 
46, xxxiv; Boxer and Rickards, Arch. Biochem., 1950, 29, 75; 1951, 30, 382, 392; Rudkin 
and Taylor, Analyt. Chem., 1952, 24, 1155), would give false results for preparations in 
which partial hydrolysis had occurred. The products from cold alkaline hydrolysis of 
vitamin B,. were also similar. 

Each of the zones obtained from the electrophoretic separations at neutral or alkaline 
pH could consist of a mixture of isomeric carboxylic acids, and sometimes did. Provided 
that the number of carboxy] groups was not too great, these isomers could be separated by 
chromatography on paper with, for example, butan-2-ol, containing a trace of acetic acid, 
as the developing solvent. 

On paper chromatography the monocarboxylic acid fraction from electrophoresis of an 
acid hydrolysate separated into two main zones. ‘The faster-moving zone was always 
the stronger; under favourable conditions small amounts of a third component of slightly 
higher Ry values separated from this faster zone. Each of the three zones yielded a 
crystalline acid. Column partition chromatography with water-saturated butan-l- 
or -2-ol was ineffective for separating these isomeric acids, even with columns 2—3 feet 
in length, having damp kieselguhr or cellulose powder as supporting solids. The di- 
carboxylic acid fraction has also been separated by chromatography on paper into two 
main zones, and both have yielded crystalline acids. A third minor dicarboxylic acid 
sometimes appeared on prolonged chromatography when the amount of starting material 
was small enough to give narrow zones. The tricarboxylic and tetracarboxylic acid frac- 
tions each appeared homogeneous on chromatography; each has yielded a crystalline 
acid. 

The absorption spectra of all of these acids were closely similar to that of vitamin By4p. 
The infra-red spectrum of the main monocarboxylic acid is very similar to that of vitamin 
By», but the absorption at 3300 cm."! is stronger and an extra band at 1715 cm."? is present 
in the acid. These features are consistent with the formation of a carboxylic acid group 
during the hydrolysis. Electrometric titrations have been carried out on some of the acids. 
The mixed isomeric monocarboxylic acids and the most abundant individual mono- 
carboxylic acid (pK, 4:67) had equivalent weights of the right order for monocarboxylic 
acids of about the same molecular weight as vitamin B,,. The most abundant of the 
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dicarboxylic acids similarly had an equivalent weight of the right order for two acidic 
groups in a molecule of about the same size as vitamin Bj. Separate steps from the two 
acidic groups could not be distinguished (pK, values 4-25 and 5-57). 

All of these acids contained the combined nucleotide and their formation is explained 
by postulating the existence of three primary amide groups in vitamin Byp, labile to both 
acids and alkalis, although not to the same degree. Random hydrolysis of these three 
labile groups should give rise to three isomeric monocarboxylic acids, three dicarboxylic 
acids, and one tricarboxylic acid. The complete hydrolysis of these amide groups will 
give rise to three mols. of ammonia, and a further mol. will arise from hydrolysis of the 
cyano-group. The infra-red absorption spectrum of the vitamin (Lester Smith, e¢ al., 
Biochem. ]., 1952, 52, 389) shows two broad peaks between 1600 and 1700 cm.?, which 
would be appropriate for unsubstituted and substituted amide groups respectively, but 
in such a complex molecule this can be regarded only as supporting evidence at the present 
stage. However, strong chemical evidence has been obtained by reconverting the mixed 
isomers of the monobasic acid and also each of the two main crystalline isomers into the 
corresponding amide, 7.e., into vitamin By. The mixed isomers of the dicarboxylic acid, 
and the tricarboxylic acid, have also been reconverted into vitamin B,,. Several methods 
tried gave low conversions, ¢.g., heating the ammonium salts and treatment of the methyl 
esters with ammonia, but the best method has been the action of ammonia on the mixed 
anhydride of the acid, obtained by reaction with ethyl chloroformate and triethylamine. 
Excess of the reagent causes further changes in the molecule, and in fact it was found 
advisable to treat the final product with 0-1N-sodium hydroxide at room temperature 
for }—2 hr. in order to hydrolyse ester groups that were also introduced by the reagent. 
The pure crystalline neutral product was identified as vitamin B,. by microbiological 
assay, by ultra-violet, visible, and infra-red absorption spectroscopy and by its chromato- 
graphic behaviour. In control experiments evidence of reaction was obtained with 
vitamin B,, itself under the conditions used to reconvert the acids into the parent vitamin. 
By treating vitamin By, with triethylamine and ethyl chloroformate, decomposing the 
mixture with either water or dilute aqueous ammonia after various periods of reaction, 
and analysing the products by electrophoresis, it was shown that the amount of the neutral 
product decreased with increasing time of reaction and that this was more apparent in 
the samples treated with water than with those treated with ammonia. These side 
reactions diminish the yields of vitamin B,. obtained in the partial syntheses described 
above. 

The rate of production of the acidic degradation products of vitamin B,, by treatment 
with cold or warm 2Nn-hydrochloric acid is markedly increased by nitrous acid (cf. Plimmer, 
J., 1925, 127, 2651). This again confirms the presence of amide groups. 

Further evidence for the presence of unsubstituted amide groups in vitamin By. was 
afforded by reaction with xanthhydrol, which is known to react with amides and urethanes. 
Reaction evidently occurred under reflux conditions in glacial acetic acid, for the red 
product was insoluble in water but soluble in acetone and chloroform. Heating vitamin 
By, in acetic acid alone left the greater part of it unchanged. 

Schindler (Helv. Chim. Acta, 1951, 34, 101) has described the hydrolysis of vitamin 
By. with dilute alkali and 30% hydrogen peroxide at room temperature for 16 hr. His 
product was fractionated between phenol-chloroform and potassium carbonate or 
potassium hydrogen carbonate buffers and was separated into “ neutral,” “‘ weakly 
acidic,”’ and “ strongly acidic ” fractions, of which the first two were obtained crystalline, 
were microbiologically active, and had absorption spectra similar to that of vitamin Bp. 
We have now repeated this work and have found by electrophoresis that these crystalline 
products are mixtures, emphasising that crystallinity is itself no guarantee of homo- 
geneity in this series. By electrophoresis at pH 6-5 the “ neutral” fraction was shown 
to contain approximately equal amounts of neutral products and monobasic acids with a 
trace of dibasic acids, and the neutral portion was found by microbiological assay to be 
substantially unchanged vitamin B,,. Chromatography on paper confirmed that this 
fraction was a mixture. The crystalline “‘ weakly acidic’ fraction consisted mainly of 
monobasic acids with a trace of neutral material, about 20°% of dibasic acids, and small 


1953] Chemistry of the Vitamin By, Group. Part III. 3855 


amounts of two orange acidic cobalt-containing compounds. The non-crystalline 
‘strongly acidic’ material was also a mixture and consisted mainly of dibasic acids 
together with some mono- and tri-basic acids. A control experiment carried out in the 
absence of hydrogen peroxide gave a product showing an electrophoretic pattern similar 
to the unfractionated preparation made by following Schindler’s description, but the 
hydrolysis was less extensive and the major product was unchanged vitamin By. This 
supports Schindler’s suggestion that the peroxide might be acting as a hydrolysis catalyst 
rather than as an oxidising agent. 
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Except with cold dilute acid or alkali, hydrolysis of the labile amide groups is accom- 
panied or preceded by liberation of the nucleotide. Vitamin By, is an essentially neutral 
compound and the phosphoric acid grouping is therefore fully esterified. The hydrolysis 
of such a grouping must follow the same course as that of ribonucleotide esters discussed 
by Brown and Todd (J., 1952, 52). Triesters of phosphoric acid readily lose one ester 
group with acids or bases; the rupture of one of the ester linkages in the grouping (II) 
(unless it were that between the phosphorus and the sugar residue) would yield a diester, 
which would in the basic or acidic medium at once cyclise with the vicinal sugar-hydroxyl 
group to yield a cyclic phosphate with elimination of the remaining esterifying residue ; 
subsequent hydrolysis of the cyclic phosphate (III) would yield a mixture of the 2’- and 
3’-phosphates of the benziminazole nucleoside. 

Hydrolysis with Removal of Nucleotide.—Conditions have been found under which 
fission of the nucleotide occurs with little attack on the amide linkages. When vitamin 
B,. is treated with concentrated hydrochloric acid at 65° for 5 min., or at room tem- 
perature overnight, the main product contains no acidic groups. Removal of the nucleotide 
was shown by its isolation from the reaction mixture, but the aminopropanol was retained 
in the compound. Unlike vitamin B,, this product loses co-ordinated cyanide readily 
in solutions more acid than about pH 3. After concentration of an acidified solution to 
remove liberated hydrocyanic acid, and extraction of the compound from an alkaline 
solution, it titrates as a weak base (pK, 6-8). The purple dicyanide complex is, however, 
neutral, whereas that of vitamin B,, is acidic, as revealed by the electrophoretic behaviour 
described earlier. 

The nature of this hydrolytic product is of particular interest, as it is probably identical 
with one of the microbiologically active cow-manure factors, namely, “ Factor B ”’ (Ford 
and Porter, Biochem. J., 1952, 51, v). A description of these and other features of the 
chemistry of this degradation product is being prepared for separate publication. 

The compound occurs only in small amounts in the products from dilute acid hydrolyses, 
because it is very easily hydrolysed with decomposition of the labile amide groups to 
carboxyl groups as with vitamin B,,. The same series of carboxylic acids lacking nucleo- 
tide can alternatively be prepared from the mono-, di-, and tri-carboxylic acids arising 
from mild hydrolysis of vitamin B,,, by treatment with concentrated hydrochloric acid 
for 5 min. at 65°. 

None of the compounds without nucleotide has been obtained crystalline. The mono- 
carboxylic acid without nucleotide, 7.e., the material recovered from the electrophoresis 
zone next to that of the neutral compound, titrated as a monocarboxylic acid (pK, 4-5) : 
moreover, it could be reconverted into the neutral compound (“ Factor B”’) via ethyl 
chloroformate and ammonia, in the same way as vitamin By, can be resynthesised from the 
corresponding acid containing the nucleotide residue. 

In an endeavour to obtain the relatively stable end products from these hydrolytic 
degradations, the action of 30% sodium hydroxide solution at 150° on vitamin By, has 


/O 
been studied. After one hour the product was a mixture of compounds having five and 
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six acidic groupings, nucleotide and aminopropanol fission having occurred. However, 
after 12 hr. the same compounds were obtained in approximately the same ratio, so that 
it would appear that the former acid is not an intermediate in the formation of the latter 
or vice versa. Experiments designed to prepare these acids in quantity are at present in 
hand. Heating with 6N-hydrochloric acid under reflux conditions for an hour longer gave 
similar mixtures of acids containing five, six and, under certain conditions, seven acidic 
groupings. The ultra-violet and visible spectra of these acids were still much like those 
of the parent vitamin and they showed the same kind of shift after treatment with excess 
of cyanide, suggesting that the chromophoric system had undergone little change. 

Conclusion.—The results obtained in the present work permit an expansion of the 
partial structure (I) to include at least three primary amide groups and probably one 
~CO-NH-CH,°CHMe-O- grouping. In the hydrolysis of the vitamin with hot alkali or 
acid the fission of these groups would account for at least four of the carboxyls observed 
inthe products. The retention of the aminopropanol until the nucleotide has been released, 
and the absence of basic groups from the main hydrolytic products containing cobalt, 
support our earlier suggestions that the aminopropanol is esterified by the phosphoric 
acid and joined by amide linkage to the rest of the molecule (Buchanan, Johnson, Mills, 
and Todd, Chem. and Ind., 1950, 426). 


EXPERIMENTAL 

Filter-paper Electrophoretic Analysis of Cobalt-containing Pigment Mixtures from Hydrolysis 
of Vitamin B,..—(a) General procedure after hydrolysis. Cobalt-containing pigment mixtures 
have been prepared from vitamin B,, under a wide variety of acid and alkaline hydrolytic 
conditions, and also by the action of aqueous solutions of certain salts, e.g., potassium cyanide. 
In general, the reaction product was acidified, when necessary, with hydrochloric acid and the 
pigment mixture was extracted into phenol. The phenol layer was separated, washed free 
from salts and excess of acid with water, and diluted with ether; the pigment was re-extracted 
into water. The aqueous solution was then evaporated and the residue redissolved in water 
(or for the more extensively degraded pigments, N-ammonia, as they are not very soluble in 
cold water) so that a solution of convenient concentration (ca. 10 mg./c.c.) was obtained for 
electrophoretic analysis. In practice a spot of this solution containing 0-1—0-3 mg. of pigment 
was used. If free 5: 6-dimethylbenziminazole nucleotide was present it was detected by paper 
chromatography (Buchanan et al., loc. cit.) or by electrophoresis in dilute acetic acid, but it 
was not necessary to remove it before the analysis of the pigment mixture. 

After hydrolyses with volatile reagents (e.g., HCl and NH;) excess of the reagent could be 
conveniently removed by evaporation, either under reduced pressure on the water-bath or in 
a desiccator. 

(b) Apparatus. The paper strip was supported in the middle by a Perspex frame suspended 
in a glass tank, and the ends of the paper were immersed in the electrolyte contained in the 
electrode compartments at the base of the frame. More of the electrolyte was contained in 
the bottom of the tank itself; the whole apparatus could be closed by a Perspex lid. The 
solution of the pigment mixture was applied on the apex of the paper as a spot that was allowed 
to dry, and then the electrode compartments were filled. The solution of the electrolyte moved 
up each side of the paper by capillary action as two fronts, which finally met at the top and 
caused the spots to contract to narrow bands on the starting line. After equilibration of the 
contents of the tank for about 10 min., the voltage was applied. Apparatus of rather similar 
design has been described by Flynn and de Mayo (Lancet, 1951, 261, 235). Those described by 
Latner (Biochem. J., 1952, 51, xii) and by Consden and Stainer (Nature, 1952, 170, 1069) have 
also been used for the work described here. 

Several types of paper have been used. Whatman No. 2 or No. 4, and occasionally No. 54, 
were satisfactory for analytical work; Whatman No. 3 or No. 31 (as sheets 18 cm. in width) 
was used for separating up to 10 mg. of the pigment mixture, and for larger quantities (up to 
50 mg.) Whatman “ seed-test paper ’’ (as sheets 27 cm. in width) was a convenient support. 
With the last the pigment mixture was applied as a continuous line across the paper; separations 
achieved by this method were much better than those obtained on columns of cellulose powder 
or kieselguhr. The column technique was satisfactory only when the components of a mixture 
differed greatly in electrophoretic mobility, ¢.g., in separating the nucleotide from the pigment 
mixture in N-acetic acid electrolyte. 
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TABLE 1. Electrophoretic analysis of the cobalt-containing hydrolytic products from 
vitamin By. 


Electrolyte: 0-IM-KCN (i.e., an extra negative charge is acquired by compounds retaining 
nucleotide; thus vitamin B,, behaves as a monobasic acid). 4-6 v/cm. for 5$—6 hr. 

+ Weak, ++ medium, ++ -+ strong pink spot after drying paper, i.e., nucleotide present in pig- 
ment. 

< Weak, x X medium, x X X strong purple spot after drying paper, t.e., nucleotide absent. 
Effective negative charges on pigment spot 

_ - —— - ——e — 


» 


Conditions of hydrolysis 2 3 4 5 6 
Vitamin By», By, Bye (Standards) + + 


Aqueous ammonia (d 0-880) : 
room temp.; OVERMIghE ........«<..-+. 
100°; 30 min. on water-bath 
100°; 12 hr. on water-bath 
100°; sealed tube; 8 hr. 
125°; sealed tube; 48 hr. ............ 


Saturated methanolic ammonia : 
room temp.; overnight ............+.. 

6 days 

6 days, then refluxed 
1 hr. Renin 


5% Methanolic sodium methoxide : 
room temp.; overnight 
ie 6 days 
6 days, then refluxed 


” 


” 


Saturated (at 17°) aqueous Ba(OH), : 
room temp.; overnight .............+. 
2 days 
6 days 
6 days, then heated— 
at 100° for 1 hr. ; ‘ 
», 100° for 3 hr. Peveevdess 
ine ROO SOW SD BG ste sec cscsewevnucanes 
5g, EO” FOP OD. os bck ec caddadectccs 
30% Aqueous sodium hydroxide : 
room temp.; Overnight ........0.0«..- 
at 150°; 1 hr. (similar results with 
vitamin By. or Byjse) 
at 150°; 
,, 150°; lhr. (product isolated then 
treated with 1I1N-HCl for 1—5 
days at room temp.) 


Lithium chloride in 2-ethoxyethanol 
(cf. Clark and Todd, J., 1950, 2031) : 
at 100°; 4 hr. t+ -+ + 
,», 100°; 5 hr. then 150° for 3 hr. Pink streak 
30% Aqueous potassium cyanide : 
room temp.; OVECMIGHE ....35.<c0<000s 


OE Rs ee crea yanieds cae ceaedansyvinwes 
~~ see: & ie. 


N-Hydrochloric acid at 100°: 
30 min. 


Sealed tube at 100°; 12hr. ............ 
Further treatment of product from last 
experiment : 
11N-HCl at 65° for 5 min. 
11N-HCl in sealed tube at 100° 
WOE GE, onniscceuckdinas dceasnate tebase 
30% NaOH at 150° for 1 hr. 
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TABLE 1. (Continued.) 
Effective negative charges on pigment spot 
on — —_——— AN - — a 
Conditions of hydrolysis 1 2 3 4 
2n-Hydrochloric acid at 100° : 

30 min sédetwio eto nsbevase dae oar ovenrs 

J) Aises femetieraer ey 

BREW avneceseconsenes 

GORE ccdiemsivckusiasc 

UEAE. canGhinserees eens 

a ee 


11N-Hydrochloric acid : 
room temp.; overnight 
ia 3 days 
WE AG COE PRS ps consi vaiiswscccgss 
,, 100° for 4 hr. (sealed tube) ......... 
Product from last experiment heated 
with 30°, sodium hydroxide at 
150° for | hr. 


Saturated methanolic HCl at 20° for 


3 days ie aensere 
Acetic acid saturated with HCI: 
at 20° for 18 hr 
100° for 5 min. 


Acetic acid at 100° for 4 hr................ | 
(8.é., 
unchanged) 


TABLE 2. Electrophoretic analysis of the hydrolytic producis from vitamin Byp. 
Electrolyte: 0:05mM-phosphate buffer (pH 6-5) containing 0-01°% of potassium cyanide. B,,. and 
pigments containing the nucleotide travel as the monocyanide (/.e., B,, co-ordination state), the dicyanide 
of these pigments being unstable at pH 6-5. The pigments from which the nucleotide has been removed 
form a dicyanide which is stable at pH 6-5. 12 v/cm. for 4 hr. 
+ and x asin Table 1. 
Effective negative charges on pigment spot 
. = A ar cme ai —— _ ieee Sr. | 

Conditions of hydrolysis 1 2 3 4 5 6 7 
Vitamin B,, | 
0-02N-Hydrochloric acid : 

room temp.; 6 days 


35 days 
0-05N-Sulphurous acid : 
room temp.; 4 days 
11 days 
26 days 


2n-Sodium hydroxide-30% H,O, (con- 
ditions and method of Schindler, 
Helv. Chim. Acta, 1951, 34, 101): 
neutral fraction TS er ere 
weakly acidic fraction 
strongly acidic fraction 


Different electrolyte solutions were employed at various times. The most useful were 
0-IM-potassium cyanide (pH ca. 10); 0-05m-phosphate buffer (pH 6-5) containing 0-:01% of 
potassium cyanide; N-acetic acid; and 0-5—2n-acetic acid containing 0-01% of potassium 
cyanide. The voltage gradient and also the time of running differed with the nature of the 
paper and also with the electrolyte. With Whatman No. 4 paper voltage gradients of between 
4-2 and 13 v/cm. were used, but with the seed-testing paper it was inadvisable to exceed 3-5 
v/cm. if considerable distortion of the pigment bands was not to occur. For satisfactory 
Separations at 4-6 v/cm. in 0-ImM-potassium cyanide on Whatman No. 4 paper, the time of 
running was 5}—6} hr., but with the seed-testing paper at 2-8 v/cm. 12 hr. were required for 
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good separation of the bands. At 4-2 v/cm. in N-acetic acid on Whatman No, 4, 15 hr. were 
usually required for complete separation. 

Chromatography on Filter Paper.—Descending development was employed and, on account 
of the very low Ry, values, the solvent was allowed to drip off the bottom edge of the paper ; 
to promote even flow this edge was serrated (with pinking shears). Whatman No. 4 paper 
was used at first, but later it became clear that dense slow-running paper gave better separations. 
Whatman paper No. 3MM was the best of those tried for analytical or preparative purposes. 
For larger amounts, the ascending technique was used on seed-test paper with the top of the 
paper protruding through a slit in the cover of the tank so that evaporation could proceed. 
This paper gave good separations but required 5 days or longer for development. Butan-1-ol 
and a number of solvent mixtures were tried but butan-2-ol proved the best. The developing 
solvent was prepared by mixing butan-2-ol (100 c.c.) with glacial acetic acid (0-2—1 c.c.), 4% 
aqueous hydrocyanic acid (1 c.c.), and just sufficient water to saturate the mixture. Some of 
this solvent and a little water were placed in the bottom of the chromatography tank. The 
development was usually continued for 16—48 hr. at a controlled temperature (37° or 25°). 

Results for the chromatography of cold dilute-acid hydrolysis mixtures are shown iu Table 3. 
Traces of three slow-moving monocarboxylic acids A, B, and C appeared, and after them the 
unchanged vitamia B,., the main monocarboxylic acids E, and £,, the dicarboxylic acids #, 
and F,, and finally the tricarboxylic acid G. With these complex mixtures the third mono- 
carboxylic acid E, overlapped the slowest dicarboxylic acid F,; similarly the third dicarboxylic 
acid F, and the tricarboxylic acid did not yield distinct zones. 

Preparation of Monocarboxylic Acids.—Vitamin B,, (air-dried; 250 mg.) was dissolved in 
0-1n-hydrochloric acid (50 c.c.), and the solution was kept in the dark at room temperature 
for 65 hr. The solution was then adjusted to pH 4 and put on to a column of acid-washed 
alumina (30 x 2cm.). The greater part of the unchanged vitamin B,, was eluted with water 
and the aqueous eluate was found by colorimetric assay to contain 155 mg. of vitamin B,, 
(anhydrous). The alumina column was then washed with aqueous ammonia (0-1N) until the 
red acidic pigments were removed. This eluate was concentrated under reduced pressure 
(to about 2 c.c.) and transferred quantitatively to a sheet of Whatman seed-test paper. Electro- 
phoresis was carried out in 0-05M-phosphate buffer containing 0-01% of potassium cyanide at 
4 v/cm. for 15 hr., by which time the intensely coloured monobasic acid zone had moved 4:2 
cm. towards the anode. There also appeared a small neutral zone, due to a small proportion 
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TABLE 3. Chromatography of the hydrolytic products from vitamin By. 


Descending development at 25° with Whatman No. 3MM filter paper, and butan-2-ol (1 1.) mixed 
with glacial acetic acid (10 c.c.), aqueous hydrocyanic acid (4%; 10 c.c.), and just sufficient water to 
saturate the mixture. 


' 


t+ aS in Table 1. 


D 
(vitamin 
Chromatogram zones A B Cc B,2) E, Ey F, F; G 
Ry (relative to that of ca.0-1 0-3— 0-65— [1:-0) 12— 145— 18— 20— 2-3 
vitamin B,,) O-4 0-75 1-35 1-65 2-2 2-5 
No. of acidic groups : 1 1 ] 0 l 1 2 2 3 
Conditions of hydrolysis : 
0-02N-HCl— 
room temp.; 6 days ...... Trace ‘ a 
9 IS days... Trace +++ Trace + Trace 
‘+ SU GAYS. eee Trace ++4 -+- +--++- Trace 
s WO GAYE: ccccs: Trace Trace ++4- + +++ +. + 
0-05n-H,SO,— 
room temp.; 4 days ...... Trace Trace +--+ Trace : Trace 
a BT Gaye: ..:.... Trace Trace Trace { ++ Trace Trace 
a 26 days ...... Trace Trace Trace 1. f+t+ ++ + +- 


of unchanged vitamin B,,, as well as some dibasic acid and a trace of tribasic acid. The mono- 
basic acid zone was cut out, eluted with water, and freed from buffer salts by extraction with 
phenol as described above. Crystallisation from aqueous acetore occurred slowly during a 
few days and gave the mixed monobasic acids (40 mg.). 

Separation of Isomeric Acids by Paper Chromatography.—The mixture of crystalline isomeri 
monobasic acids was dissolved in warm water (1 c.c.), and the solution was streaked across 4 sheet 
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of Whatman No. 3MM filter paper (80 x 38cm.). The chromatograms were developed for 30 hr. 
at 25° with butan-2-ol (1 1.), glacial acetic acid (2 c.c.), 4% aqueous hydrocyanic acid (10 c.c.), 
and just sufficient water to saturate the mixture. Several faint slow-moving zones appeared 
and 3 major red zones. The two fast-moving ones separated poorly and each was eluted and 
chromatographed again under the same conditions. Corresponding zones were cut from the 
paper sheets and eluted with water; the solutions were concentrated (to about 0-5 c.c.) and 
acetone was added until a faint turbidity was produced. The slowest-moving acid, E,, 
crystallised after a few days, as did the more abundant acid, E,. The fastest-moving and 
least abundant acid EF, crystallised only after a long time. 

Properties of the Monobasic Acids.—On being dried in vacuo at 100° to constant weight, 
the monocarboxylic acid E, lost 14-49% of moisture (Found, on the dried sample: C, 54:7; H, 
6-6; N, 13-5. C,g,Hs,0,,N,,;PCo requires C, 54-9; H, 6-7; N, 13-65%). 

The principal maxima in the absorption spectrum of an aqueous solution of the acid EF, 
occur at 277, 360, and 545 mu. The infra-red absorption spectrum of this monocarboxylic 
acid in Nujol mull is similar to that of vitamin B,,, but there are small differences at the following 
wave numbers: 3300, 1715, 1610, 1210, 1055, 1030, 970, 840, and 800 cm.1. The band at 
1715 cm."}, characteristic of carboxyl and some other carbonyl groups, is present in the acid 
but absent from vitamin B,,. Absorption at 3300 cm.7, characteristic of bonded hydroxyl 
groups, is stronger in the acid than in vitamin B,,. 

Preparation of Dicarboxylic, Tricarboxylic, and Tetracarboxylic Acids.—Vitamin By, (air- 
dried, 200 mg.) was dissolved in 0-2N-hydrochloric acid (40 c.c.), and the solution was kept in 
the dark at 37° for 6 days. The solution was then extracted through phenol, and the final 
concentrated aqueous solution was applied to 4 sheets of seed-test paper for electrophoresis, 
as described above. The di- and tri-carboxylic acid zones were about equally intense. Some 
much less intense zones also present were due to unchanged vitamin B,, and mono- and tetra- 
basic acids. The leading edge of eath zone was purple, owing to loss of nucleotide from a small 
proportion of each acid. Corresponding zones were cut out, the purple portions being rejected, 
and eluted with water, and the extracts were purified from salts via phenol extraction. 

The dicarboxylic acids separated on chromatography into three zones. The acids F, and 
F, from the slow-moving zones crystallised slowly from aqueous acetone, but the fastest-moving 
acid F; could not be crystallised. Chromatography of the tribasic acid gave only one rather 
broad fast-running zone that showed no tendency to divide; this acid crystallised very slowly 
from aqueous acetone. The tetrabasic acid also gave a rather broad homogeneous zone on 
chromatography, but it ran more slowly than even the monobasic acids; like the di- and tri- 
carboxylic acids, it crystallised very slowly from aqueous acetone. The absorption spectrum 
of an aqueous solution of the dibasic acids (mixture of isomers) showed maxima at 277:5, 361, 
and 550 my, with additional subsidiary maxima at 273, 305, 322, and 520 mu. 

Preparation of Vitamin By. from the Monocarboxylic Acid Hydrolytic Products.—(i) The 
crystalline mixture of the monocarboxylic acids (10-1 mg. after drying im vacuo at 120°) was 
dissolved in dimethylformamide (0-25 c.c.), and triethylamine (0-005 c.c.) was added, causing 
formation of a red precipitate. After cooling to —5°, ethyl chloroformate (0-03 c.c. of 10% 
v/v solution in dimethylformamide) was added, the precipitate rapidly redissolving and a 
colourless solid slowly separating. The mixture was kept at —5° for 10 min. and was then 
treated with an excess of dry ammonia. After 30 min. at room temperature the mixture was 
held at 50° for 5 min. Ether (5 c.c.) was added, the red precipitate was dissolved in water, 
and the solution was applied to a sheet of Whatman No. 31 paper for electrophoresis at pH 6-5. 
The greater part of the colour appeared in the neutral zone, which was cut out and eluted with 
water. The solution so obtained contained 5-9 mg. of vitamin B,, by microbiological assay 
(Harrison, Lees, and Wood, Analyst, 1951, 76, 696), or 5-4 mg. by colorimetric assay. Salts 
were removed by extraction through phenol, and the product was crystallised from aqueous 
acetone and characterised as vitamin B,, by its infra-red absorption spectrum and paper 
chromatography. 

(ii) Two similar preparations were carried out, but with a greater excess of reagents, namely, 
triethylamine (0-05 c.c.) and ethyl chloroformate (0-03 c.c.) with the mixed monobasic acids 
(6-9 mg.). To the first was added aqueous 2N-ammonia (0-2 c.c.) and to the second water 
(0-2 c.c.), as a control. After 90 min. at room temperature 0-1N-sodium hydroxide (1 c.c.) 
was added to each and the solutions were left at room temperature for 30 min. Both solutions 
were then acidified, extracted through phenol, and submitted to electrophoresis at pH 6-5. 
The first preparation that had been treated with aqueous ammonia showed a strong neutral 
zone and also zones corresponding to mono- and di-carboxylic acids, which from their colours 
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appeared in part to have lost nucleotide. Comparison of colorimetric and microbiological 
assays indicated about 25% conversion into vitamin B,, in this preparation. The other 
preparation that had been treated with water showed on electrophoresis only a faint trace of 
neutral material and negligible microbiological activity. 

(iii) The mixed monobasic acids (4 mg.; previously dried at 130° under reduced pressure 
for 10 min.) were dissolved in dimethylformamide (0-25 c.c.), and benzoyl chloride (0-02 c.c.) 
was added. The mixture was kept at —5° for 1 hr., the solid that had separated slowly dis- 
solving. The solution was treated with excess of dry ammonia after 30 min. at room tem- 
perature, water (5 c.c.) was added to the mixture, and the coloured material was purified by 
extraction with phenol as before. Dilution of the phenol with ether enabled the material to 
be transferred to the aqueous layer, which was subjected to electrophoresis on paper at pH 6-5. 
The neutral zone was eluted from the paper with water, purified by phenol extraction, and 
crystallised from aqueous acetone. The product and authentic vitamin B,, were identical 
in microbiological activity when assayed with either the /. coli mutant (Harrison et al., loc. cit.) 
or the more specific L. leichmannii (Emery, Lees, and Tootill, Analyst, 1951, 76, 141). They 
also showed identical behaviour when chromatographed side by side on paper with the’ butan- 
2-ol solvent system. 

Preparation of Vitamin By, from the Dicarboxylic Acid Hydrolytic Products.—The dibasic 
acids (6-0 mg.; previously dried at 120° for 20 min. under reduced pressure), separated by 
electrophoresis from the product of hydrolysis of vitamin B,, with cold dilute hydrochloric 
acid, were dissolved in dimethylformamide (0-25 c.c.), and triethylamine (0-005 c.c.) was added. 
After cooling to —5°, ethyl chloroformate (0-007 c.c.) was added, the red precipitate slowly 
dissolving. After 15 min. at —5°, the product was treated with excess of dry ammonia and 
kept for a further hour at room temperature. Acetone-ether (1:1; 5 c.c.) was then added 
to the mixture, and the red precipitate separated on the centrifuge and fractionated by 
electrophoresis at pH 6-5. The neutral zone was eluted with water and found to contain 
vitamin B,, (1-58 mg. by both colorimetric and microbiological assay). Salts were removed 
by extraction through phenol, and the product crystallised readily from aqueous acetone. 
Its infra-red absorption spectrum was identical with that of authentic vitamin By). 

Preparation of Vitamin B,, from Tricarboxylic Acid Hydrolytic Products.—The tribasic acid 
(8 mg.) separated by electrophoresis from the product of hydrolysis of vitamin B,, with cold 
dilute hydrochloric acid at 37° was dried at 120° for 10 min. under reduced pressure. It was 
dissolved in dimethylformamide (0-2 c.c.), and triethylamine (0-04 c.c. of a 20% v/v solution 
in dimethylformamide) was added. After cooling to —5°, ethyl chloroformate (0-02 c.c. of 
a 20% v/v solution in benzene) was added. After 10 min. at —5° the product was treated with 
excess of dry ammonia and kept for 3$ hr. at room temperature. Acetone—ether (1:1; 5 c.c.) 
was added and the red precipitate separated on the centrifuge. The product was fractionated 
by electrophoresis at pH 6-5, most of the colour appearing in the neutral zone, which was eluted 
with water and fractionated further by chromatography on paper. The chromatogram showed 
a complex pattern, but the strongest band was in the same position as the vitamin B,, marker. 
This band was eluted with water, and the product crystallised from aqueous acetone. It had 
nearly the full microbiological activity of vitamin B,,. 

Hydrolysis of Vitamin B,, with Concentrated Hvdrochloric Acid.—Vitamin B,, (100 mg.; 
hydrated) was dissolved in concentrated hydrochloric acid (10 c.c.). The solution was heated 
quickly to 65° and held at this temperature for 5 min. The solution was distilled to small 
bulk under reduced pressure to remove hydrochloric acid; water was added and the distillation 
repeated (twice). The colour of the reaction mixture, measured (Spekker absorptiometer 
with No. 604 filter) at a suitable dilution, was practically unchanged by the treatment with acid. 
Microbiological assay with Lactobacillus leichmannii (Emery, Lees, and Tootill, loc. cit.) showed 
that less than 1% of unchanged vitamin B,, remained, but the reaction mixture showed high 
activity with the £. coli mutant (Harrison e¢ al., loc. cit.). The entire preparation was submitted 
to electrophoresis at pH 6-5 on seed-test paper. The yield from the ‘‘ neutral’’ zone was 
approx. 55% (assessed colorimetrically). Approx. 20% was recovered from the ‘‘ monobasic 
acid ’’ zone and 3% from the “ dibasic acid ’’ zone. 

Smaller portions of vitamin B,, were heated with concentrated hydrochloric acid at 65° 
for 3 min. and 7 min. respectively, instead of 5 min. as for the main preparation. The appearance 
of the zones on electrophoresis and chromatography indicated that a small proportion of un- 
changed vitamin B,, remained in the 3-min. preparation, although less extensive conversion 
into acidic products had occurred. The 7-min. product was free from vitamin B,,, but contained 
higher proportions of mono- and di-basic acids. 


‘x 
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The electrophoresis zones from the main experiment were cut out and eluted with water; 
the pigments were freed from salts by extraction through phenol, and the solutions were freeze- 
dried. On concentration of a solution of the neutral compound (‘‘ Factor B’’) at pH 3-5 under 
reduced pressure, the colour changed to yellow-orange, apparently with loss of cyanide (see 
below). The solution showed principal maxima in the absorption spectrum at 354, 498, and 
527 mu. 

On addition of aqueous potassium cyanide (1 mol.) the colour changed to orange-red, but 
the absorption spectrum was little altered except for a broadening of the main band in the 
visible region. The principal maxima were at 355, 500, and 530 mu. Addition of excess of 
aqueous sodium nitrite caused similar changes. Excess of cyanide, however, at pH 8 caused 
a colour change to purple, the absorption maxima being shifted to 367, 540, and 580 my; in 
addition, inflexions and subsidiary maxima in the ultra-violet became much more intense (at 
277 and 309 my). The curve resembled that given by dicyanocobalamin. 

A sample of the freeze-dried material (from a solution previously evaporated with dilute 
acetic acid) was made into a mull with Nujol and sodium chloride tor infra-red spectroscopy. 
The curve showed a general similarity with that of vitamin B,, except in the “ finger-print ”’ 
region. Notable differences, however, were the absence of the bands at 860 and 842 cm.-! 
due to the aromatic ring in the nucleotide part of vitamin B,,, and the ~CN band at 2130 cm.?. 
By chromatography on paper this substance showed an F, value of 1-5 (relative to that of 
vitamin B,,). It appears to be unstable, because solutions that had been kept for some days 
showed sometimes one, sometimes two, additional zones on chromatography. 

The monocarboxylic acid without nucleotide obtained from the above hydrolysis showed 
three (occasionally four) zones on chromatography, presumably owing to isomerism as with the 
analogous nucleotide-containing acids; the R, values relative to that of vitamin B,,. were 
[1-15]; 1-3; 1-65; and 1-95. 

Preparation of ‘‘ Factor B’”’ from the Nucleotide-free Monocarboxylic Acid Hydrolysis Products. 

The monocarboxylic acids separated by electrophoresis from the products of hydrolysis of 
vitamin B,, with concentrated hydrochloric acid at 65° (freeze-dried material from previous 
experiment ; 9-5 mg.) were dried at 120° for 10 min. under reduced pressure. They were dissolved 
in dimethylformamide (0-2 c.c.), and triethylamine (0-025 c.c. of a 20° v/v solution in di- 
methylformamide) was added. After cooling to —5° ethyl chloroformate (0-013 c.c. of a 20% 
v/v solution in benzene) was added. After 10 min. at —5° the product was treated with excess 
of gaseous ammonia and kept for 3 hr. at room temperature. Acetone-ether (1:1; 5 c.c.) 
was added and the precipitate separated on the centrifuge. The product was fractionated by 
electrophoresis at pH 6:5, most of the colour appearing in the neutral zone, which was eluted 
with water and chromatographed on paper. The main band appeared in the same position as 
the “‘ Factor B’’ marker. It was eluted with water and found to have the same microbiological 
activity as “‘ Factor B”’ from natural sources. 

Butyl Esters of Mixed Nucleotide-free Cobalt-containing Pigments.—Vitamin B,, (133 mg. 
of air-dried material) was heated with a mixture of N-hydrochloric acid (15 c.c.) and butan-1-ol 
(15 c.c.) for 14 hr. on the water-bath (cf. Buchanan, Johnson, Mills, and Todd, loc. cit.). The 
mixture was cooled and the orange aqueous layer separated from the dark red butanol layer, 
this being washed with water (3 x 1 c.c.) to remove excess of acid. Paper chromatography 
(Part I) revealed that most of the free nucleotide and aminopropanol was contained in the 
aqueous layer, but analysis of the butanol layer in the same manner showed that free 5: 6- 
dimethylbenziminazole nucleotide was also present in this fraction. From the top layer of 
a butan-l-ol-acetic acid—water mixture (4: 1:5; henceforward described as the butanol— 
acetic acid—water mixture) the pigment travelled as a red streak, I?, ca. 0-7 to 1-0, the colour of 
which changed to orange-yellow when the paper was dried in air at room temperature. The 
red colour was restored when the paper was treated with hydrogen chloride. More of the 
nucleotide was removed from the butanol layer by further washing with water, but this process 
was not practicable for the complete separation of the nucleotide. The butanol was removed 
from the solution, to yield a dark red glass (116 mg.), which was taken up in acetone leaving 
a pink amorphous residue (12 mg.) consisting mainly of nucleotide. The acetone solution was 
brought on to a column of ‘“ AnalaR’”’ calcium carbonate (10 g.; 16 x 1 cm.). When the 
column was washed with more acetone, the main diffuse red band passed rapidly through the 
column, leaving a thin red band of strongly adsorbed material at the top. This was eluted 
with methanol and after removal of the solvent gave an orange residue (7 mg.), which again 
consisted mainly of nucleotide (paper chromatography). Evaporation of the main eluate gave 
a red glass (100 mg.), which was shown to be free from nucleotide. The ultra-violet absorption 
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of this material in methanol showed maxima at 320, 353, 404—406, and 486—492 mu. No 
further nucleotide and only a trace of aminopropanol were liberated after hydrolysis of the above 
crude pigment (38 mg.) with a mixture of concentrated hydrochloric acid (‘‘ AnalaR ’’; 1-5 c.c.) 
and water (1 c.c.) ina sealed tube at 100° for 48 hr 

Acid Hydrolysis of Vitamin B,,; Isolation of the 5: 6-Dimethylbenziminazole Nucleotide.— 
Vitamin B,,. (1-015 g.) was heated at 70° with concentrated hydrochloric acid (10 c.c.) for 
5 min., and the deep red solution was evaporated rapidly to dryness under reduced pressure. 
Excess of hydrogen chloride was removed from the dark red residue by drying it for 18 hr. im 
vacuo over potassium hydroxide, and the product was then dissolved in water (20 c.c.), brought 
on to a column of Amberlite IR-4B (12 x 2-5 cm.), and eluted with water (250 c.c.).. Evapor- 
ation of the eluate gave a dark red gum (610 mg.; see above). The nucleotide was removed 
from the column by elution with n-hydrochloric acid (500 c.c.), and the eluate on evaporation 
to dryness gave a pink amorphous solid (250 mg.), which on repeated crystallisation from 
aqueous acetone gave 5: 6-dimethyl-1-(«-p-ribofuranosy]l) benziminazole-2’(or -3’) phosphate as 
colourless crystals m. p. 240—241° (decomp.) (Kaczka, Heyl, Jones, and Folkers, J. Amer. 
Chem. Soc., 1952, 74, 5549, give m. p. 240—241°). Light absorption in water at pH 2: maxima 
at 277 and 285 mu, log e 3-86 and 3-82 respectively. 

The ion-exchange resin Dowex 2-X10 has also been used successfully for this separation. 

Alkaline Hydrolysis of Vitamin B,,; Electrophoretic Separation of 5 : 6-Dimethylbenziminazole 
Nucleotide from the Cobalt-containing Pigments.—Vitamin B,, (1-1 g.; dried at 80° for 3 hr. 
im vacuo) was heated with aqueous barium hydroxide (150 c.c.; saturated at 17°) for 36 hr. at 
100°. Excess of aqueous ammonium carbonate was added to the hot solution, the barium 
carbonate separated, the filtrate evaporated to dryness, and the red residue dissolved in N-acetic 
acid (20 c.c.). Meanwhile cellulose powder (800 g.; passed through a 90-mesh sieve) was 
slurried with N-acetic acid and packed as tightly as possible to form a column (39 x 6 cm.). 
Half of the pigment solution (10 c.c.) was brought on to the column; after it had been adsorbed, 
it was washed down the column to the extent of ca. 2 cm. by a further quantity of N-acetic acid. 
The column was then placed inside a concentric jar containing N-acetic acid and a potential of 
220 v was applied, the anode being placed in the top of the column and the cathode in the solution 
in the outside jar, 7.e., effectively at the bottom of the column. After 21 hr. the orange-red 
pigment band had moved 24 cm. towards the cathode. The front of the band was diffuse and 
a faintly pink band remained at the top of the column. The cellulose was extruded and the 
main pigment band was separated and eluted with water. The remaining half of the pigment 
solution was treated in the same manner, and evaporation of the combined pigment fractions 
from both columns yielded a red residue (660 mg.), which was shown to be nucleotide-free by 


TABLE 4. Electrophoresis of nitrous acid hydrolysis products of vitamin By tn phosphate 
buffer at pH 6-5 containing 0-01% of KCN (cf. preceding experiment). 
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paper chromatography with the butanol-acetic acid—water system. The faintly pink bands 
at the top of each column were eluted with water, and evaporation of the combined extracts 
yielded a brownish gum (415 mg.), which contained the nucleotide (/, 0-48 in the butanol— 
acetic acid—water). 

Hydrolysis of Vitamin B,, with Nitrous Acid.—Vitamin B,, (10 mg.; anhydrous) was dis- 
solved in 2n-hydrochloric acid (10 c.c.), and the solution was divided into two equal fractions. 
Each was heated at 65° for 15 min., but to one fraction sodium nitrite (3 x 17 mg.) was added 
after 0,5,and 10min. Each of the fractions was adjusted to pH 3, a small amount of potassium 
cyanide (ca. 1 mg.) was added, and the red pigments were concentrated by extraction with phenol 
as described above. After electrophoresis in 0-05N-phosphate buffer at pH 6-5 containing 
0-01% of potassium cyanide, the fraction to which the nitrite had been added showed much 
the more extensive hydrolysis, the principal products being tetra- and penta-basic acids, 
whereas without nitrous acid the principal product was the monobasic acid fraction. The 
colours of the electrophoresis zones indicated that nucleotide fission had occurred to an appre- 
ciable extent. Nitrite had little effect on the hydrolysis in hydrochloric acid solutions more 
dilute than 2N. The results of this and similar experiments are summarised in Table 4. 

Estimation of Ammonia evolved on Hydrolysis of Vitamin B,, with Barium Hydroxide.— 
Vitamin B,, (989 mg.; N, 13-:1%) was heated with aqueous barium hydroxide (150 c.c.; 
saturated at 17°) at 85° for 36 hr. in an atmosphere of acid-washed, oxygen-free nitrogen, and 
the volatile bases evolved were bubbled into a solution of chloroplatinic acid. The stream of 
nitrogen through the solution was continued for a further 24 hr. at room temperature and the 
precipitated ammonium chloroplatinate was then separated and dried (729 mg. corresponding 
to 46 mg. of nitrogen, 7.e., 5-0 mols. of ammonia per mol. of vitamin B,,, on a N,,-structure). 
An X-ray powder photograph of the product was identical with that of authentic ammonium 
chloroplatinate. 
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788. Studies in the Synthesis of Cortisone. Part III.* The 
Degradation of the Ergosterol Side Chain. 


By A. F. B. CAMERON, J. S. Hunt, J. F. OuGHTon, P. A. WILKINSON, and B. M. WILson. 


The route to cortisone from 3$-acetoxyergost-22-en-1]l-one, as described 
in Part II, has been extended through 38-acetoxy-11-oxobisnorallocholanal 
and 38 : 22-diacetoxy-11-oxobisnorallochol-20(22)-en-ll-one to 3-acetoxy- 
allopregnane-11: 20-dione. The corresponding 98-compounds are also 
described. 


THE introduction of an 11-keto-group into allo-steroids and the preparation of 38-acetoxy- 
ergost-22-en-ll-one (Ia) from ergosteryl-D acetate 22 : 23-dibromide or -dichloride were 
described in Parts I and II of this series.* This paper deals with the degradation of the 
side chain of 38-acetoxyergost-22-en-ll-one (Ia) and its 9-epimer (Id) and extends the 
proposed synthesis of cortisone to the corresponding 3(-acetoxyallopregnane-11 : 20- 
diones ([Va and }) (Stork, Romo, Rosenkranz, and Djerassi, J. Amer. Chem. Soc., 1951, 
73, 3546; Chamberlin, Ruyle, Erickson, Chemerda, Aliminosa, Erickson, Sita, and Tishler, 
ibid., p. 2396; Djerassi, Batres, Romo, and Rosenkranz, ibid., 1952, 74, 3634). 

Ozonolysis of the Cygg,-double bond of 38-acetoxyergost-22-en-1l-one (Ia) should give 
38-acetoxy-11l-oxobisnorallocholanic acid (Va) or 3$-acetoxy-11l-oxobisnorallocholanal 
(IIa), depending on the reaction conditions (cf. Chamberlin et al., loc. cit.; Bladon, Henbest, 
Jones, Wood, and Woods, /., 1952, 4890; Levin et al., Amer. Chem. Soc., 120th Meeting, 
Abs., 1951, 61). Barbier-Wieland degradation of the methyl ester of (Va) has already 


* Parts I and II, J., 1953, 2921, 2933. 
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been reported (Chamberlin e¢ al., loc. cit.). The alternative route, via the aldehyde (IIa) 
and enol-acetate (IIIa) (cf. Bladon et al., loc. cit.), would lead to the required ketone ([Va) 
in fewer stages and appeared more attractive provided that good yields could be achieved. 
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Series (a), 9a-H Series (6), 98-H 


Acetic acid was found to be the most suitable solvent for the formation of the ozonide 
of (Ia), since the aldehyde (IIa) could be obtained in 85—90°%, crude yield by rapid re- 
duction by an excess of fresh zinc powder. Ozonolysis in ethyl acetate, methanol, or 
methylene chloride, followed by reduction with ferrous sulphate (Bladon e¢ al., loc. cit.) 
or alkaline sodium dithionite solutions, gave inferior results. The chief by-product was 
the bisnorallocholanic acid (Va), its amount depending on the experimental conditions. 
This acid was obtained in 66% yield by treatment of the ozonide in acetic acid with per- 
manganate (cf. Part I). Similar ozonolysis of 38-hydroxyergost-22-en-ll-one produced 
36-hydroxy-11-oxobisnoral/ocholanal and the corresponding acid in yields similar to those 
in the 3-acetoxy-series. The sensitivity of the ozonide solution to excess of ozone limited 
the amount that could be used: formation of the bisnora//ocholanic acid, which was slow 
at the beginning of ozonisation, became faster with increasing concentration of ozonide ; 
and if more than 1-05 mols. of ozone were used the yield of aldehyde was lowered, whereas 
a large excess of ozone gave a good yield of acid but little or no aldehyde. A method was 
therefore devised for estimating the end of the ozonisation, since the output of the ozoniser 
was not sufficiently reliable (see Experimental section). Oxidation could not be limited 
by carrying it out in ethyl acetate at —70° (cf. Bladon et al., loc. cit.), and use of a con- 
tinuous flow through a packed column (to reduce time of contact) surprisingly increased 
the yield of acid. The aldehyde itself was very susceptible to oxidation in solution during 
the working up; although no reactive oxygen could be found in a freshly decomposed 
ozonide solution containing the aldehyde, the presence of reactive oxygen was again 
apparent after about 5 minutes’ contact with the atmosphere, oxidation evidently pro- 
ceeding via the peracid (Linstead, Ann. Reports, 1937, 34, 234). 

With potassium acetate in acetic anhydride 33-acetoxy-11-oxobisnorallocholanal (cf. Levin 
etal., loc. cit.; Bergmann and Stevens, J. Org. Chem., 1948, 13, 10; Heyland Herr, J. Amer. 
Chem. Soc., 1950, 72, 2617) gave 38 : 22-diacetoxybisnorallochol-20(22)-en-11-one (IIIa) in 
60—70°,, yield. The 1l-keto-group is not attacked by this procedure. The reaction is 
particularly sensitive to alterations in the relative amounts of acetic acid and potassium 
acetate. When the 3$-hydroxy-aldehyde was used, with the normal quantity of catalyst, 
the extra acetic acid produced by the easier acetylation at position 3 had to be removed 
before appreciable enol acetylation at Cj.) took place, but this difficulty could be over- 
come, at the expense of quality of product, by using a larger amount of catalyst. Pyridine, 
and isopropenyl acetate, with the 38-acetoxy-aldehyde (IIa) gave inferior yields of (IIIa) 
and boron trifluoride-ether complex or perchloric acid yielded only the aldehyde diacetate. 

Ozonolysis of (IIIa) produced the required 3%-acetoxyallopregnane-11 : 20-dione 
(IVa) in 94°, yield. The high yield and good quality of the product depended on the 
presence of 1-5—5°% of water in the acetic acid during ozonisation. Water added after 
ozonisation but before reductive decomposition with zinc dust gave a poorer yield of 
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(IVa), similar to that obtained by the use of anhydrous acetic acid throughout. The 
ozonide gave correct titration values after being kept for several hours in acetic acid 
solution and appeared to be comparatively stable to excess of ozone. 


f. 


The same reactions were carried out in the 9$-series (see Part II), starting from 36- 
acetoxy-98-ergost-22-en-1l-one (Id), with similar results. The 3$-acetoxy-9$-allopregnane- 
11 : 20-dione (IV4) was converted into the corresponding 92-compound (IVa) by refluxing 
with alcoholic alkali, followed by mild acetylation (cf. Part I). The yield was only 18°,, 
presumably owing to isomerisation at C,,,) (cf. Part I). 

The characteristic shift of the carbonyl peaks in the infra-red toward higher wave 
numbers exhibited by the 93-isomers is shown in the Table (cf. Part II), which also shows 


Mp : : 
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98 ‘ 98 —m 9x Vx 
(1) 4. 90 L 5 — 35 1708 
(II) +130 | 7 — 23 1708 
(ILI) +392 + Of — 293 1708 
(IV +49] + 323 — 169 $T12* 
(V) +117 - - 52 1708 
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* In this compound the separate carbonyl bands are unresolved, so the shift in wave number is 
masked 
that the molecular rotation difference A{M]p becomes much more negative as the centre 
of unsaturation in the side chain approaches the nucleus. 

The formation of enamines of aldehydes was described by Herr and Heyl (J. Amer. 
Chem. Soc., 1952, 74, 3627; 1953, 75, 1918) while this work was in progress, and it was 
thought that this might be a possible alternative procedure to enol acetylation of the 
aldehyde. The aldehyde (IIa) formed the 22-piperidino-derivative (VI) under the con- 
ditions described, but the yield and purity of the crude product were inferior to those of 
the enol acetate (IIIa) and the pure compound was less stable. Ozonisation in methylene 
chloride at room temperature, followed by reductive decomposition, gave 3$-acetoxy- 
allopregnane-11 : 20-dione in comparatively low yield. 


EXPERIMENTAL 

For determination of optical rotation chloroform solutions were used. Carbon disulphide 
was the solvent in determinations of the infra-red spectra. Materials for micro-analysis, but 
not for other determinations, were dried at 100°/ca. 0-5 mm. for 2 hr. Other general experi- 
mental directions were given in Part I. 

38-Acetoxy-11-oxobisnorallocholanal (Ila).—Ozonised oxygen (300 1./hr. containing ca. 
0-03 g. of ozone/l.) was passed through a vigorously stirred solution of 3$-acetoxyergost-22- 
en-1ll-one (Ia) (100 g., 0-22 mole) in glacial acetic acid (1 1.) until 10-5 g. (0-22 mole) had been 
absorbed. The variation in the output of the ozoniser over long periods of time rendered 
calculations of reaction time unreliable; the end of the reaction was confirmed by finding the 
time interval between (i) the addition of 1 ml. of standard sodium thiosulphate solution to a 
potassium iodide solution through which the exit gases were passing and (ii) the reappearance 
of the iodine colour. When this interval became small (7.e., much ozone escaped unchanged) 
and coincided with a predetermined value, reaction was stopped. Very efficient stirring to 
break up the gas stream and a baffle to prevent the formation of a vortex were essential for 
reliability of the end-point. The temperature was kept at 15—20° by cooling. With con- 
tinued stirring, zinc dust (ca. 120 g.) was added during 15 min., and ice was added to the bath 
to check the rapid rise in temperature. When decomposition was complete (starch—iodide 
paper), the remaining solids were filtered off and washed with acetic acid, and the combined 
filtrates were evaporated to dryness under reduced pressure. The residue was dissolved in 
ether and washed with N-sodium hydroxide until free from steroid acid. After washing with 
water and drying (Na,SO,), evaporation of the ethereal solution yielded crude 3$-acetoxy-11- 
oxobisnorallocholanal (76 g., 89%), m. p. 130—133°, [a]? +21°. 

A specimen of the aldehyde (4-9 g.) in 1: 1 light petroleum—benzene, chromatographed on 
acid-washed alumina (Brockmann grade II—III) (150 g.), gave first a gum and then a crystalline 
solid (2-11 g.). Recrystallisation from aqueous methanol gave the aldehyde as plates (2-0 g.), 
m. p. 185—140°, [a)p) +27-5° (c, 1-16) (Found: C, 74:25; H, 9:5. CygH3gO,4 requires C, 74-2; 
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H, 9:39). vmax. 1730-—1740 and 2680 (aldehyde), 1730-—1740 and 1242 (acetate), and 1708 
cm.! (unconjugated carbonyl). The semicarbazone formed colourless needles (from acetic 
acid), m. p. 214—217° (Found: C, 67-4; H, 8:7; N, 96. C,;H3,O,N, requires C, 67-4; H, 
8-8; N, 9:4%), Amax, 230 my (e 12,700 in EtOH). 

The crude aldehyde (5 g.) in anhydrous methanol was treated with a stream of dry hydrogen 
chloride for 2 min. After being refluxed for 15 min. the solution deposited crystals on cooling 
(3-4 g.). Recrystallisation from methanol gave 38-acetoxy-22 : 22-dimethoxybisnorallocholan- 
ll-one (2-8 g.), m. p. 183—185°, [«]?? + 28° (c, 1-068) (Found: C, 71-95; H, 9-9. C,.H,,0; 
requires C, 71-85; H, 9:79). 2Nn-Sulphuric acid was added to a solution of the above dimethyl- 
3$-acetoxy-acetal (2-4 g.) in methanol (50 ml.) until precipitation commenced. The solution 
was refluxed for 3 hr. and poured into water and the precipitate isolated by means of ether. 
Crystallisation from aqueous methanol afforded 38-hyvdroxy-11-oxobisnorallocholanal (1:2 g.), 
m. p. 147—150°, [a> +34° (Found: C, 75:8; H, 9:8. C,,H 3,0, requires C, 76-3; H, 9-9%). 

38-A cetoxy-1l-oxobisnorallocholanic Acid (Va).—The alkaline extracts from the aldehyde 
preparation were combined and acidified, and the precipitate was filtered off, washed, and dried 
(10-0 g.; m. p. 192—195°). Recrystallisation from aqueous acetone yielded colourless needles 
of 33-acetoxy-11-oxobisnorallocholanic acid, m. p. 196—198°, [a]? +16° (c, 1:05) (Found: C, 
71-1; H, 91. C,,H,,O0; requires C, 71-25; H, 9-0%). vmax. 1712 and 1266 (carboxyl) and 1708 
cm. ! (unconjugated carbonyl). (The product from the alkaline extracts contained varying 
proportions of 38-hydroxy-compound according to the length of time the extracts had been 
allowed to stand.) 

The acetoxy-acid was obtained in 66% yield by decomposing the ozonide solution in acetic 
acid with aqueous potassium permanganate and agitating it with a stream of air for 50 min. 
Alkaline hydrolysis of the 38-acetoxy-acid in methanol gave the 36-Aydroxy-11-oxobisnorallo- 
cholanic acid as colourless needles (from chloroform—methanol), m. p. 258—260°, [a]# + 29° (c, 
1-07) (Found: C, 73-15; H, 95. C,.H,,0, requires C, 72-9; H, 95%). By the action of 
ethereal diazomethane on the 3$-acetoxy-acid colourless rhombs of its methyl ester were 
obtained, m. p. 190—192° (from methanol), [«|}? +-26° (c, 1-172) {Chamberlin e¢ al., loc. cit., 
give m. p. 191—194°, [a], +24° (in CHCI,)} (Found: C, 71-95; H, 9-2. Calc. for Cy3H3,O; : 
C, 71:7; H, 9:15%). The methyl 38-hvdroxy-ester, similarly prepared, formed plates, m. p. 
165—168°, [a] +44° from aqueous methanol (Found: C, 73:3; H, 9-5. C,3H 3.0, requires 
C, 73-4; H, 9°7%). 

38 : 22 - Diacetoxybisnorallochol - 20(22) -en-11-one (IIla).—3$-Acetoxy - 11 - oxobisnorallo - 
cholanal (128 g.; m. p. 180—133°) in acetic anhydride (200 ml.) containing anhydrous potassium 
acetate (2-0 g.) was refluxed for 12 hr. and then evaporated to dryness under reduced pressure. 
The crystalline residue, recrystallised from methanol (500 ml.), gave 38 : 22-diacetoxybisnor- 
allochol-20(22)-en-1l-one as needles (101 g.), m. p. 155—159°. A sample, recrystallised from 
methanol, showed m. p. 160—163°, [a]#? +23° (Found: C, 72-6; H, 8-8. C,gH3,0, requires 
C, 72-5; H, 8-9°%), vmax, 1754 and 1216 (enol acetate), 1733 and 1240 (acetate), and 1708 cm.! 
(unconjugated carbony)). 

38-Hydroxy-11l-oxobisnorallocholanal (38 g.) in acetic anhydride (76 ml.), containing 
potassium acetate (0-75 g.), was refluxed for 30 min. The acetic acid was then fractionated 
off through a 6” packed column until 50 ml. of distillate had collected. Acetic anhydride 
(50 ml.) was added to the reaction mixture and refluxing was continued for 10 hr. Removal 
of the solvent and crystallisation gave 38 : 22-diacetoxybisnora/lochol-20(22)-en-11l-one (26-9 g.), 
m. p. 162—166°. 

The following experiments were made with the 3$-acetoxy-aldehyde. (a) With isopropenyl 
acetate in place of potassium acetate as catalyst in acetic anhydride the aldehyde was recovered 
unchanged. (b) With pyridine, the yield of the enol acetate was only 50%. (c) With boron 
trifluoride—ether complex (50 drops) added to the aldehyde (10-0 g.) in acetic anhydride (50 m1.), 
a black tar was obtained after storage at room temperature overnight. Crystallisation of the 
tar from aqueous methanol, after treatment with charcoal, gave 36 : 22 : 22-triacetoxybisnor- 
allocholan-1l-one (4:7 g.) as colourless rhombs, m. p. 160—162°, [aj +9° (c, 1-0) (Found : 
C, 68-3; H, 8-55. C,gH4.O,; requires C, 68-5; H, 8°6°%), vax, 1760 and 1202 (probably due to 
aldehyde diacetate group), 1728 and 1240 (acetate), and 1780 cm.} (unconjugated carbony)). 
d) The 38-hydroxy-aldehyde (2-5 g.) in dry carbon tetrachloride (45 ml.) containing acetic 
anhydride (5 ml.) and perchloric acid (2 drops; 50°, solution) was kept at room temperature 
for 2 hr. After washing of the solution with water and evaporation, the remaining black tar 
was treated in acetone with charcoal and crystallised from methanol, to give almost colourless 
crystals of the aldehyde diacetate, m. p. 157--159°, with an infra-red spectrum identical with 
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that of the product from (c). The same material was obtained from the 36-acetoxy-aldehyde 
and perchloric acid. 

38-Acetovyallopregnane-11: 20-dione (IVa).—38 : 22-Diacetoxybisnorallochol-20(22)-en-11- 
one (56-5 g.), suspended in acetic acid (280 ml.) containing water (5%), was stirred vigorously 
while a stream of ozonised oxygen (200 1./hr., containing 0-04 g. of ozone/I.) was passed through. 
The temperature was kept at 15—20° by cooling. Provided stirring was sufficiently vigorous, 
absorption of ozone in this reaction was substantially quantitative. The end-point coincided 
with the detection of large quantities of ozone in the exit gases and the reaction was then stopped. 
Zinc dust (30 g.) was then added during 5 min. while stirring and external cooling (with added 
ice) were continued. When a negative test for ozonide was obtained (10—15 min.) the solid 
was filtered off and washed with acetic acid, and the combined filtrates were evaporated to 
dryness under reduced pressure. The crystalline residue was recrystallised from aqueous 
methanol, to yield 38-acetoxyallopregnane-11 : 20-dione (44-5 g.), m. p. 139—140°. A further 
1-8 g. of the diketone were recovered from the mother-liquors of the crystallisation, via the semi- 
carbazone (total yield 94%). A sample recrystallised from aqueous methanol had m. p. 141— 
142°, [x}7? +88° (c, 1-0) (Stork et al., loc. cit., give m. p. 143—144°, [«]7?? +89°; Chamberlin 
et al., loc. cit., give m. p. 141—143°, [a]? +88°) (Found: C, 73-7; H, 9:05. Calc. for C,3H 340, : 
C, 73-8; H, 915%), vmax. 1730 and 1240 (acetyl) and 1712 cm.-! (unconjugated carbony)). 
The 20-semicarbazone crystallised as needles (from aqueous acetic acid), m. p. 256—260° 
(decomp.) (Found: C, 66-8; H, 8-6; N, 9-8. C,,H,,0,N, requires C, 66-7; H, 8-6; N, 9-8%). 
Formation and hydrolysis of the semicarbazone were used for recovery of small amounts of the 
diketone which failed to-crystallise from mother-liquors. For the hydrolysis, the semicarbazone 
(6-0 g.), suspended in hot acetic acid (30 ml.), was treated with pyruvic acid (8-0 ml.; 40%) in 
water (15 ml.) containing sodium acetate trihydrate (0-4 g.). The suspension cleared when 
heated for 5 min. on the water-bath and after a further 5 min. water was added until the solution 
was cloudy. On cooling, needles of the diketone (3-5 g.) were obtained, having m. p. 140— 
141°, [a|? + 86° (c, 0-94). Hydrolysis in methanolic potassium hydroxide gave the 38-hydroxy- 
diketone as needles, m. p. 188—190°, [x]? +-109° (c, 0-12) (Stork et al., loc. cit., give m. p. 192— 
194°, [a]? +99°) (Found: C, 75-7; H, 9°75. Calc. for C,,H;,0,: C, 75-9; H, 9°7%). 

38-A cetoxy-11-ox0-98-bisnorallocholanal (I1b).—This was prepared from 3-acetoxy-98- 
ergost-22-en-ll-one (5 g.) by the process used for the 9a-compound. Recrystallisation of the 
colourless crystalline product (4:1 g.) from aqueous methanol and then from light petroleum 
gave needles of 38-acetowy-11-0x0-98-bisnorallocholanal (1-04 g.), m. p. 148—152°, [a]#® +34° 
(c, 1-04) (Found: C, 74-4; H, 9-2. C,H 3,0, requires C, 74:2; H, 9:3%), vmax. 2680 (aldehyde), 
1737 and 1242 (acetate), and 1712 cm.-! (unconjugated carbony)). 

38-A cetoxy-11-ox0-98-bisnorallocholanic Acid (Vb).—The alkaline extracts from the above 
aldehyde preparation were acidified and the precipitated acid crystallised from aqueous acetone 
(yield, 0-19 g.). 38-Acetoxy-11-0x0-98-bisnorallocholanic acid formed needles (from light 
petroleum), m. p. 200—202°, [a1?? +-29° (c, 1-054) (Found: C, 71:3; H, 8-6. C,,H3,0; requires 
C, 71:25; H, 89%), vmax. 1712 and 1270 (carboxyl) and 1718 cm.-! (unconjugated carboxy]). 
Its methyl ester, prepared by diazomethane, formed needles (from aqueous acetone), m. p. 
154—157°, [a}i* +38-4° (c, 1-04) (Found: C, 71-8; H, 9-4. C,;H,,0, requires C, 71-7; H, 
9-15%). 

38 : 22-Diacetoxy-98-bisnorallochol-20(22)-en-ll-one (IIIb). —38-Acetoxy-11-oxo-98-bisnor- 
allocholanal (5-8 g.) in acetic anhydride (50 ml.) containing anhydrous potassium acetate (0-1 
g.) was refluxed for 6 hr. After evaporation under reduced pressure 38 : 22-diacetoxy-98- 
bisnorallochol-20(22)-en-11-one (5-5 g.) crystallised from methanol as needles, m. p. 174—176°, 
(x)} +91° (Found: C, 72-7; H, 8-8. C,,H 3,0; requires C, 72-5; H, 8-9%), vmax, 1756 and 1212 
(enol acetate), 1738 and 1245 (acetate), and 1718 cm.-! (unconjugated carbonyl). 

38-A cetoxy-98-allopregnane-11 : 20-dione (IVb).—38 : 22-Diacetoxy-98-bisnorallochol-20(22)- 
en-11-one (5-0 g.) in acetic acid (120 ml.) was treated with ozone as for the 9x-isomer. Evapor- 
ation of the solvent gave 38-acetoxy-98-allopregnane-11 : 20-dione (3-3 g.), which formed needles, 
m. p. 175—178° (from ether—light petroleum), [a]? +131° (c, 0-89) (Found: C, 73-7; H, 9-1. 
Cy3H3,0, requires C, 73-8; H, 9-15%), vmax, 1740 and 1240 (acetate) and 1712 cm. (uncon- 
jugated carbonyl). The 20-semicarbazone was obtained from aqueous acetic acid as needles, 
m. p. 262° (decomp.) (Found: C, 67-0; H, 8-7; N, 9:7. C,,H3,O,N, requires C, 66-7; H, 8-6; 
N, 9:8%%). 

38-Acetoxyallopregnane-11 : 20-dione from the Corresponding 98-Isomer.—38-Acetoxy-98- 
allopregnane-11 : 20-dione (500 mg.) in methyl alcohol (20 ml.) containing water (2 ml.) and 
potassium hydroxide (4-0 g.) was refluxed in a stream of nitrogen for 6 hr. Ethyl acetate was 


(1953) Steroids and Related Compounds. Part XV. 3869 


then added and the solution washed with water, dried, and evaporated toa gum. Reacetylation 
by boiling acetic anhydride (1 hr.) gave a gum, which on crystallisation from methanol gave 
needles of 38-acetoxyallopregnane-11 : 20-dione (91 mg.), m. p. and mixed m. p. 140—141°. 
The infra-red spectrum was identical with that of an authentic specimen. 

38-A cetoxy-22-piperidinobisnorallochol-20(22)-en-ll-one (V1).—38-Acetoxy-11-oxobisnorallo- 
cholanal (10-0 g.) in dry, thiophen-free benzene (100 ml.) was refluxed with freshly distiiled 
piperidine (2-42 g.) for 4 hr. under an azeotropic-distillation head. No further water appeared 
to be collecting after this time and the solution was evaporated under reduced pressure 
to a yellow oil. Crystallisation from methanol gave a yellow solid (5-24 g.),m. p. 100—110°. 
Two further crystallisations from methanol gave 3%-acetoxy-22-piperidinobisnorallochol-20(22)- 
en-1l-one as colourless needles (2-62 g.), m. p. 120—123°, [a] +-7° (c, 0-68) (Found: C, 76-1; 
H, 9-8; N,3-1%. C,9H,,O,N requires C, 76-4; H, 9:95; N, 3-1%), vax. 1730 and 1235 (acetate), 
1705 (carbonyl), 842 and 822 cm.-! (trisubstituted double bond), and 1646 cm.-}. 

38-A cetoxyvallopregnane-11 : 20-dione from 3(-Acetoxy-22-piperidinobisnorallochol-20(22)-en- 
1l-one.—A stream of ozonised oxygen was passed into a solution of 38-acetoxy-22-piperidino- 
bisnorallochol-20(22)-en-1l-one (2-0 g.) in methylene chloride (100 ml.) at room temperature 
until reaction ceased. The methylene chloride was then removed in stages under reduced 
pressure, being replaced gradually by acetic acid. Zine dust was then added; decomposition 
of the ozonide was rapidly complete. The solution was evaporated to dryness, and the residue, 
in ethyl acetate, washed with 5° sodium carbonate solution and water, dried, and evaporated. 
Crystallisation from methanol gave 3§-acetoxyallopregnane-11 : 20-dione (410 mg.), m. p. 
and mixed m. p. 140—141°, [a]?? +-86°. The infra-red spectrum was identical with that of an 
authentic specimen. 

The authors thank Dr. J. E. Page for determination of the infra-red spectra, Miss H. King 
for the micro-analyses, and Mr. G. W. Amery, Mr. J. E. Bagness, Mr. F. D. Blackall, and Mr. 
J. R. Clifton for experimental assistance. 
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789. Steroids and Related Compounds. Part XV.* The 
Chlorination of Cholestan-3-one. 
By BERNARD ELLIS and VLADIMIR PETROW. 


The preparation of some chlorinated derivatives of cholestan-3-one is 
described. 


DIFFICULTY encountered in converting an a//opregnan-3-one derivative into the corresponding 
A‘-unsaturated compound by the method of Rosenkranz, Mancera, Gatica, and Djerassi 
(J. Amer. Chem. Soc., 1950, 72, 4077) led us to study the chlorination of the model 
compound cholestan-3-one and the dehydrochlorination of the products. |Berreboom, 
Djerassi, Ginsburg, and Fieser independently report the chlorination and dehydrochlorin- 
ation of cholestanone in a paper (ib1d., 1953, 75, 3500) which became available to us after 
submission of this manuscript. | 

Treatment of cholestan-3-one (I; R = R’ = R” = H) with one equivalent of chlorine 
in acetic acid gave 2-chlorocholestan-3-one (I; R = Cl, R’ = R” = H), the constitution 
of which was established by treatment with 2: 4-dinitrophenylhydrazine in acetic acid, 
cholest-l-en-3-one 2 : 4-dinitrophenylhydrazone being obtained (see Djerassi, thid., 1949, 
71, 1003). Treatment of 2-chlorocholestan-3-one with zinc dust and acetic anhydride led 
to the formation of 3-acetoxycholest-2-ene (II) (Dauben, Micheli, and Eastham, ibid., 
1952, 74, 3852), which passed smoothly into cholest-l-en-3-one (III; R = H) on reaction 
with N-bromosuccinimide (cf. Djerassi and Scholz, J. Org. Chem., 1949, 14, 660). In 
marked contrast to the behaviour of its 2-bromo-analogue, 2-chlorocholestan-3-one largely 
failed to react with boiling collidine and with sodium iodide in acetone and, furthermore, 
was recovered unchanged after treatment with chromous chloride. 

Reaction of cholestan-3-one in acetic acid with two equivalents of chlorine resulted in 
* Part XIV, /J., 1952, 2246. 
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rapid separation of 2-chlorocholestan-3-one. The mother-liquors, however, contained 
small quantities of the desired dichloro-derivative, which was obtained in better yield by 
monochlorination of (I; R=Cl, R’ = R” H) in chloroform-acetic acid. The 
constitution of 2: 2-dichlorocholestan-3-one (I; R = R’ = Cl, R” = H) is assigned to 


Me| 


Me 
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H- 
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this compound on the basis of (i) its high dextrorotation, in which respect it resembles 
2:2-dibromo- and differs from 2 : 4-dibromo-3-oxo-steroids, and (ii) its behaviour on 
treatment with boiling collidine which gave a chloro-substituted cholesten-3-one differing 
from authentic 2-chlorocholest-4-en-3-one (IV) (see below) and is hence formulated as the 
isomeric 2-chlorocholest-l-en-3-one (III; R = Cl). In agreement therewith the ultra- 
violet absorption spectrum of the compound shows a maximum at 246-5 mu (in tso- 
propanol) indicative of an «$-unsaturated ketone. It may be noted that A!-3-oxo-steroids 
absorb at 230 my, whilst their 2-bromo-derivatives absorb at ca. 255 mu (Djerassi and 
Scholz, J. Amer. Chem. Soc., 1947, 69, 2404; Nussbaum, Mancera, Daniels, Rosenkranz, 
and Djerassi, ibid., 1951, 78, 3263). The bathochromic effect of the halogen atom in 
(III; RK = Cl or Br) consequently decreases in the order Cl < Br. 

The compound (I; R= R’ = Cl, R’ = H) was unaffected by hydrogen bromide, 
differing in this respect from 2 : 2-dibromo-3-oxo-steroids which pass readily into 2: 4- 
dibromo-ketones under similar experimental conditions. Reduction with chromous 
chloride furnished (I; R = Cl, R’ = R’’ =H). Bromination in chloroform-acetic acid 
proceeded slowly over a period of days, to give a product regarded as 4-bromo-2 : 2-di- 
chlorocholestan-3-one (I; R = R’ = Cl, R” = Br). 

Monochlorination of 2-bromocholestan-3-one (I; R = Br, R’ = R” = H) led to the 
formation of a 2-bromo-2-chlorocholestan-3-one (I; R = Cl, R’ = Br, R” = H) which 
showed no tendency to rearrange under the conditions employed for its preparation and 
passed into 2-chlorocholest-l-en-3-one (III; R = Cl) when heated with collidine. The 
same compound was also obtained by monobromination of 2-chlorocholestan-3-one. In 
this case, however, it was necessary to pour the reaction mixture into sodium acetate as 
soon as bromination was complete as the 2-bromo-2-chloro-ketone readily rearranged under 
the influence of hydrogen bromide to 4-bromo-2-chlorocholestan-3-one (I; R = Cl, R’ 
H, R” = Br). The last compound, on brief heating with collidine, passed into 2-chloro- 
cholest-4-en-3-one (IV), which was reduced to cholest-4-en-3-one by chromous chloride. 


EXPERIMENTAL 

Optical rotations were measured in chloroform solution in a 1l-dm. tube. Absorption 
spectra, measured in isopropyl alcohol, were kindly determined by Dr. R. E. Stuckey and 
Mr. P. Stross, B.Sc., Analytical Department, The British Drug Houses Ltd. Solutions of chlorine 
in acetic acid were prepared immediately before use, the halogen concentration being determined 
volumetrically. ‘‘ AnalaR’’ acetic acid and chloroform solvents were employed throughout. 

2-Chlorocholestan-3-one.—Cholestanone (9-65 g.) in acetic acid (300 ml.) was treated at 30 
with a solution of chlorine (1-87 g., equiv. to 1-05 mols.) in acetic acid (22 ml.). Decolorisation 
was complete within 3 min. and was immediately followed by the separation of crystals. After 
1 hr. these (6-1 g.; m. p. 175—177°) were collected and the mother-liquor was concentrated 
to half-bulk under reduced pressure, giving a further quantity (2-2 g.; m. p. 165—167°) of 
crude product. Purified from chloroform-ethanol, 2-chlorocholestan-3-one formed long silky 
needles, m. p. 185—-186°, [x73 + 55-6° (c, 0-91) (Found: C, 77-0; H, 11-2; Cl, 8-5. C,,H,,;OC1 
requires C, 77-0; H, 10-8; Cl, 8-49). The compound was recovered unchanged after being 
heated under reflux with collidine for 2 hr., with sodium iodide in acetone for 6 hr., and after 
treatment with chromous chloride (prepared by the method of Rosenkranz et al., loc. cit.). 

Cholest-\-en-3-one 2: 4-Dinitrophenylhydrazone.—The foregoing compound (420 mg.) in 
boiling acetic acid (20 ml.) was treated with 2: 4-dinitrophenylhydrazine (218 mg.), the 
derivative named separating after 1 min. Crystallised from chloroform-ethanol, it formed 
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orange needles, m. p. 235° (Found: C, 69-7; H, 8-6; N, 10-2. Calc. for C,,H,O,N,: C, 70-2; 
H, 8-6; N, 9-9°,), not depressed in admixture with an authentic specimen (Djerassi, loc. citt., 
gives m. p. 218—220°). 

3-A cetoxycholest-2-ene.—Zinc dust (5-0 g.) was added in one portion to a boiling solution of 
2-chlorocholestan-3-one (800 mg.) in acetic anhydride (10 ml.). After the initial vigorous 
reaction had subsided, the mixture was refluxed for 5 min. and the liquors were decanted into 
water. The crystalline material (200 mg.), which separated when the gummy product was 
treated with hot ethanol, was purified from chloroform—methanol, giving 3-acetoxycholest-2- 
ene, m. p. 90°, clearing at 96°, the melt showing a fine play of colour. No depression in m. p. 
was obtained in admixture with an authentic specimen prepared from cholestanone by the 
method of Dauben et al. (loc. cit.). 

Cholest-1-en-3-one.—N-Bromosuccinimide (1-0 g.) was added to 3-acetoxycholest-2-ene 
(2-1 g.) in carbon tetrachloride (40 ml.), and the mixture refluxed for 5 min. The brown gum 
obtained on removal of succinimide followed by evaporation of the solvent im vacuo was 
chromatographed on B.D.H. alumina (10 x 3-5 cm.) made up in light petroleum (b. p. 40—60°) 
Elution with the same solvent gave traces of unchanged enol acetate. Further elution with 
light petroleum-ether (1: 1) furnished a solid (1 g.) which crystallised from aqueous ethanol in 
plates, m. p. 97—98°, not depressed in admixture with an authentic specimen of cholest-l-en-3- 
one. The identity of the product was confirmed by the preparation of the 2 : 4-dinitrophenyl- 
hydrazone, m. p. and mixed m. p. 235°. 

2 : 2-Dichlorocholestan-3-one.—(i) Cholestanone (960 mg.) in acetic acid (40 ml.) was treated 
at 30° with a solution of chlorine (0-39 g., equiv. to 2-2 mols.) in acetic acid (4-4 ml.). After 
3 min. feathery needles (230 mg.; m. p. 177-—-180°) of 2-chlorocholestan-3-one began to separate 
and they were collected 15 min. later. Thereafter the mother-liquors deposited a dense, micro- 
crystalline solid (120 mg.), m. p. 144—146°, which was recrystallised from ethanol, giving 2 : 2- 
dichlorocholestan-3-one, hard needles, m. p. 151—152°, [a 7? +115° (c, 1-1) (Found: C, 71-7; 
H, 9-9; Cl, 15-0. C,,H,,OCI, requires C, 71-2; H, 9-7; Cl, 15-6%). 

(ii) 2-Chlorocholestan-3-one (4-2 g.) in a mixture of chloroform (60 ml.) and acetic acid 
(60 ml.) was treated at 20° with a solution of chlorine (0-78 g.; equiv. to 1-1 mols.) in acetic acid 
(8 ml.).. Absorption of chlorine proceeded slowly, the mixture becoming colourless after 3 hr 
The chloroform layer obtained on addition of water was washed till neutral and dried, and the 
solvent removed im vacuo. The solids (3-4 g.; m. p. 138—-141°) obtained on trituration of the 
residue with cold acetic acid (15 ml.) crystallised from acetone, giving hard needles (2-0 g.) of 
2 : 2-dichlorocholestan-3-one, m. p. 150—152°, not depressed in admixture with a specimen 
prepared by method (i). 

The optical rotation of the compound in chloroform—acetic acid containing hydrogen bromide 
remained substantially unchanged during 22 hr. 

When the dichloro-ketone (100 mg.) in acetone (30 ml.) was treated under carbon dioxide 
with chromous chloride solution (5 ml.; prep. by the method of Rosenkranz et al., loc. cit.), 
there was obtained 2-chlorocholestan-3-one, identified by m. p. and mixed m. p. 

2-Chlorocholest-1-en-3-one.—2 : 2-Dichlorocholestan-3-one (1:5 g.) was heated under reflux 
with collidine (8 ml.) for 10 min. The product, isolated with ether, was chromatographed on 
B.D.H. alumina (9 x 3 cm.) made up in light petroleum (b. p. 40—60°). Elution with light 
petroleum-ether (4:1) gave crystalline fractions which were combined and purified from 
methanol. 2-Chlorocholest-1-en-3-one (300 mg.) separated in needles, m. p. 109—-110°, [a)? 
+-45° (c, 1-0) (Found: C, 77:0; H, 10:4; Cl, 8-7. C,,;H,,OCI requires C, 77-4; H, 10-4; Cl, 
8-4°)). Ultra-violet absorption maximum: £7%, (246-5 my) 242. 

4-Bromo-2 : 2-dichlorocholestan-3-one.—2 : 2-Dichlorocholestan-3-one (1-84 g.) in a mixture 
of chloroform (40 ml.) and acetic acid (40 ml.) was treated with bromine (0-7 g., equiv. 
to 1-1 mols.) in acetic acid (10 ml.), absorption being complete after 3 days. The product was 
crystallised from ethanol and then from acetone—methanol, giving small hard prisms (950 mg.) 
of 4-bromo-2 : 2-dichlorocholestan-3-one, m. p. 109—110°, [x )7} + 61-5° (c, 1-86) (Found: C, 60-9; 
H, 8-3. C,,H,,OCI,Br requires C, 60-7; H, 8-1% 

2-Bromo-2-chlorocholestan-3-one.—(i) 2-Bromocholestan-3-one (2-85 g.) in chloroform (30 ml.) 
and acetic acid (30 ml.) was treated with chlorine (480 mg., equiv. to 1-1 mols.) in acetic acid 
6 ml.), absorption being complete in 14 hr. The optical activity of the mixture did not change 
appreciably during a further 24 hr. The gummy product was triturated with methanol (30 m1.) 
and the solids obtained were purified from ethyl acetate-methanol. 2-Bromo-2-chlorocholestan- 
3-one (1-2 g.) separated in hard needles, m. p. 147—-148°, [a)#} +4-112-5° (c, 1-45) (Found: C, 
64:7; H, 8-8. C,,H,,OCIBr requires C, 64-9; H, 8:9%). 
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(ii) 2-Chlorocholestan-3-one (4:2 g.) in chloroform (60 ml.) and acetic acid (60 ml.) was 
treated with bromine (1-76 g.; equiv. to 1-1 mols.) in acetic acid (10 ml.). Absorption was 
complete after 35 min., whereafter the mixture was poured into excess of aqueous sodium 
acetate and the product isolated in the usual way. Thrice crystallised from ethyl acetate, the 
bromochloro-ketone (2-0 g.) formed thick prisms, m. p. 145—147°, not depressed in admixture 
with a sample prepared by method (i) above. 

‘he compound was converted into 2-chlorocholestan-3-one in warm acetone. When it 
(1 g.) was heated under reflux with collidine (5 ml.) for 3 min. and the product crystallised from 
methanol, there was obtained 2-chlorocholest-1l-en-3-one (400 mg.), identified by m. p. and 
mixed m. p. 

4-Bromo-2-chlorocholestan-3-one.—2-Chlorocholestan-3-one (3-1 g.) in chloroform (50 ml.) 
and acetic acid (50 ml.) was treated with bromine (1-25 g., equiv. to 1-05 mols.) in acetic acid 
(10 ml.), absorption being complete after 1 hr. Thereafter the optical activity decreased, 
reaching a constant value in 18hr. The product was crystallised directly from aqueous acetone, 
giving 4-bromo-2-chlorocholestan-3-one (2-2 g.), silvery plates, m. p. 199—200° (decomp.), [a]? 
+-3-5° (c, 2:24) (Found: C, 64-5; H, 8-8. C,,H,,OCIBr requires C, 64:9; H, 8-9%). 

2-Chlorocholest-4-en-3-one.—The foregoing compound (2-6 g.) was refluxed with collidine 
(8 ml.) for 5 min. The product slowly crystallised from methanol in fine needles (900 mg.), 
97—98°, [«]?? +87° (c, 0-55) (Found: C, 77-5; H, 10-6; Cl, 8-0. C,,H,,OCl requires C, 77-4; 
H, 10-35; Cl, 85%). Ultra-violet absorption maximum: E£}{%, (243 mu) = 378. 

When the foregoing compound (600 mg.) in acetone (50 ml.) was treated under carbon 
dioxide with chromous chloride solution (10 ml.) for 10 min. and the product isolated with 
ether, cholest-4-en-3-one (240 mg.) was obtained, having m. p. 79—80° (from aqueous methanol), 
not depressed in admixture with an authentic specimen. 


The authors thank the Directors of The British Drug Houses Ltd. for permission to publish 
this work. 
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790. 2:4'-Dipiperidyl: Its Structure and Derivatives. 
By E. P. Harr. 


The structure of 2: 4’-dipiperidyl, obtained as a by-product ir the 
electrolytic reduction of pyridine, has been proved by dehydrogenation, 
followed by oxidation to picolinic and isonicotinic acids. 2: 4’- and 4: 4’- 
Dipiperidyl, the two major constituents of the electrolysis residues, have 
been further characterised. 


Or the six possible isomeric dipiperidyls, five have been prepared by the catalytic 
hydrogenation of the corresponding dipyridyls (Smith, J. Amer. Chem. Soc., 1928, 50, 
1936). The sixth, 2: 4’-dipiperidyl, was not obtained by this author. 2: 4’-Dipyridy] 
is formed in only very small amounts in the preparation of mixed dipyridyls (¢dem, ibid., 
1924, 46,416; Morgan and Burstall, J., 1932, 27), hence the preparation of 2 : 4’-dipiperidy] 
by this route does not warrant further investigation. 

Evans and Parkes (J. Soc. Chem. Ind., 1938, 57, 302) investigated, as a possible 
absorbent for carbon dioxide, the mixture of dipiperidyls obtained as a by-product in the 
electrolytic reduction of pyridine to piperidine. They reported a hitherto unknown 
crystalline base, m. p. 53—54°, which they suggested might be 2: 4’-dipiperidyl. The 
present work was undertaken to establish the structure of this base, and characterise it 
further. 4: 4’-Dipiperidyl was found to be the other major constituent of the mixture. 
The low solubility of 2 : 4’-dipiperidyl carbonate was used for purification of the base after 
removal of most of the 4 : 4’-dipiperidy] by distillation with light petroleum. The free base 
was obtained by distillation of an aqueous solution of the carbonate under reduced pressure. 

Dehydrogenation of 2: 4’-dipiperidyl with palladised charcoal at 300° afforded 2 : 4’- 
dipyridyl. Oxidation with neutral permanganate then give a mixture of acids separated 
by adsorption on alumina into picolinic and isonicotinic acid. 
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The benzoyl! derivatives of 2: 4’- and 4: 4’-dipiperidyl were oils, but the ditoluene-p- 
sulphonates and three other derivatives crystallised. s-Trinitrobenzene gave red addition 
products, which however were unstable and of indefinite melting point. 
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EXPERIMENTAL 

The material used was the residue from the electrolytic reduction of technically pure 
pyridine, and was a semi-solid syrup containing approx. 50% of water. Distillation up to 170° 
removed the water. 

4: 4’-Dipiperidyl—Equal] weights of the dried mixture of dipiperidyls and light petroleum 
(b. p. 100—120°) were distilled to 240°. The distillate, on cooling, deposited crude 4: 4’- 
dipiperidyl. This was removed by filtration, and the filtrate redistilled to 300°, to remove any 
remaining 4: 4’-dipiperidyl. Recrystallisation from benzene gave 4: 4’-dipiperidyl as colourless 
needles, m. p. 171—172° (Found: N, 16-1. Calc. for C,gH,,N,: N, 16:7%). On exposure to 
air these crystals gradually form a solid carbonate. 

The ditoluene-p-sulphonate, prepared in pyridine, crystallised from acetone as colourless 
needles, m. p. 309—310° (Found: C, 60-4; H, 6-9; N, 5-7. C,,H,,0,N,S, requires C, 60-5; 
H, 6-8; N, 5-9%). The bts-a-naphthylurea separated from light petroleum as pinkish prisms, 
m. p. 239-—240° (Found: C, 75-5; H, 6-5; N, 10-8. C;,H,,O,N, requires C, 75-9; H, 6-8; N, 
11:1%). The bis-2 : 4-dinitrophenyl derivative, prepared by the interaction of the base and 
1-chloro-2 : 4-dinitrobenzene in alcohol, crystallised from alcohol as yellow prisms, m. p. 255— 
256° (decomp.) (Found: C, 53-0; H, 5-0; N, 16:5. C,,H,,O,N, requires C, 52-8; H, 4:8; N, 
16-8%). 

2: 4’-Dipiperidyl.—The filtrate from the extraction of 4: 4’-dipiperidyl was evaporated to 
dryness, and the residue diluted with an equal weight of water. The resultant mixture was 
saturated with carbon dioxide, whereupon crude 2: 4’-dipiperidyl carbonate was precipitated. 
Recrystallisation from a small volume of water gave the carbonate as colourless prisms, m. p. 
144—145° (decomp.) (Found: C, 57-8; H, 8-9; N, 11-9. Calc. for C,,HyO,N,: C, 57-7; H, 
8-8; N, 12:3%). The base was obtained by boiling the carbonate with water under reduced 
pressure. 2: 4’-Dipiperidyl, recrystallised from acetone, formed colourless crystals, m. p. 54°, 
b. p. 285—286° [Found: C, 71-1; H, 12:2; N, 16-:9%; M (Rast), 162. Calc. for C,gHgN, : 
C, 71-4; H, 11-9; N, 16-79%; M, 168}. These were extremely hygroscopic, and absorbed 
carbon dioxide very rapidly in air. 

The ditoluene-p-sulphonate, needles, m. p. 189—190° (Found: C, 60-6; H, 6-5; N, 6-0%), 
bis-a-naphthylurea, prisms, m. p. 285—286° (Found: C, 76-0; H, 6-2; N, 10-8%), and bis- 
2: 4-dinitrophenyl derivative, yellow prisms, m. p. 247—-248° (decomp.) (Found: C, 52-5; H, 
4:6; N, 16-7°%), were obtained and recrystallised as above. The bisphenylthiourea, prepared 
in alcohol, crystallised from alcohol as colourless prisms, m. p. 172° (Found: C, 65-4; H, 7:3; 
N, 12-4. Cy,H g9N45_ requires C, 65-6; H, 6-9; N, 12-8%). 

Dehydrogenations.—(a) 2: 4’-Dipiperidyl (2 g.) was intimately mixed with 20% palladised 
charcoal (1 g.) and heated to 300° (metal-bath). Brisk evolution of hydrogen ensued, and 
ceased after 30 min. Extraction with alcohol-acetone, followed by removal of solvent, gave 
2: 4’-dipyridyl (1-5 g.), b. p. 279°. Aqueous picric acid gave the picrate, m. p. 205° (Found : 
N, 18-0. Calc. for C,,H,,O,;N,;: N, 18-2%). Heating the dipiperidyl with selenium powder 
at 200—250° also brought about dehydrogenation, but the dipyridyl was difficult to obtain 
pure. 

(b) 4: 4’-Dipiperidyl similarly afforded 4: 4’-dipyridyl, needles, m. p. 112° (picrate, m. p. 
and mixed m. p. 255°). 

Oxidations.—(a) 2: 4’-Dipyridyl (0-2 g.) was added to 4% potassium permanganate solution 
(10 c.c.), and the mixture warmed on the water-bath (20 min.). Manganese dioxide was filtered 
off, and the solution evaporated to dryness. The residue was extracted with boiling alcohol, 
and the extract evaporated to dryness. This residue was chromatographed in water (10 c.c.) 
on alumina. Picolinic acid was located by ferrous sulphate solution, with which it gave a 
reddish-yellow colour. Elution of the column gave tsonicotinic acid, m. p. 303°, and picolinic 
acid, m. p. 130°. 

(b) 4: 4’-Dipyridyl, on oxidation in a similar manner, gave isonicotinic acid, m. p. 303°. 


The author thanks Dr. E. Tittensor for his interest, and Messrs. Robinson Brothers, West 
Bromwich, for the supply of mixed dipiperidyls 


TECHNICAL COLLEGE, NOTTINGHAM. UReceived, August 21st, 1953.) 


3874 Chase and Downes: Synthesis of “C-Labelled Diethylcarbamazine, 


791. The Synthesis of “4C-Labelled Diethylcarbamazine, 
1-Diethylcarbamyl-4-methyl piperazine (“ Hetrazan”?). 


By B. H. CuAse and A. M. Downes. 


A method has been developed for the conversion of iminodiacetic acid into 
1-methylpiperazine in good yield. The use of radioactive starting material has 
led to the preparation of “C-labelled 1-diethylcarbamyl-4-methylpiperazine. 


THE introduction of 1-diethylcarbamyl-4-methylpiperazine (‘‘ Hetrazan’’) (I) (Kushner, 
Brancone, Hewitt, McEwen, SubbaRow, Stewart, Turner, and Denton, J. Org. Chem., 1948, 
13, 144) has been a major advance in the treatment of filariasis (see, inter al., Kenney and 
Hewitt, Amer. ]. Trop. Med., 1949, 29, 89). Little, however, is known of the fate of the 
drug in the body, and the synthesis of labelled material was therefore undertaken. 
1-Diethylcarbamyl-4-methylpiperazine labelled in the methyl group has already been 
prepared (Arnstein, unpublished work), but in view of the possibility of demethylation 
in the animal body it was desirable also to have available material labelled in the piperazine 
ring. The most favourable approach appeared to be via 1-methylpiperazine and diethyl- 
carbamyl chloride (Kushner et al., loc. cit.). Published methods for the preparation of 
l-alkylpiperazines were unpromising, so we turned to the piperazinediones. In preliminary 
experiments glycine was converted via the chloroacetyl derivative into sarcosylglycine 
(Levene, Simms, and Pfaltz, 7. Biol. Chem., 1924, 61, 445), which was readily cyclised to 
1-methylpiperazine-2 : 5-dione (II) in boiling ethylene glycol. A similar method has been 


ACH, OCH, /CHyCO,H LHy—CO\ 
Me-N N-CO'NEt, Me-N NH RN Me:N. NH 
\CH,—CH, CH,—CO” CH,-CO,H ‘CH,—CO- 

(I) (1) (111) (LV) 


used by Sannié (Bull. Soc. chim., 1942, 9, 487) to convert glycine into piperazine-2 : 5-dione. 
It may be noted that cyclisation involving a secondary amino-group appears to be more 
difficult than for a primary one: thus Maurer and Schiedt (Z. physiol. Chem., 1932, 206, 
125) record that the ethyl ester of sarcosylglycine, in contrast to that of glycylglycine, shows 
no tendency to cyclise spontaneously at room temperature. Reduction of 1-methyl- 
piperazine-2 : 5-dione with lithium aluminium hydride afforded 1-methylpiperazine. 

The availability of {««’-'4C,|iminodiacetic acid (see below) enabled a different approach 
to be studied. In preliminary experiments using unlabelled material, iminodiacetic acid 
(III; Kk = H) was conveniently prepared by hydrogenolysis of benzyliminodiacetic acid 


(III; R = Ph-CH,) obtained by treatment of benzylamine with chloroacetic acid in the 
presence of alkali [cleavage of substituted benzylamines by hydrogen in the presence of 
palladium is well known (Birkofer, Ber., 1942, 75, 429)}. Iminodiacetic acid with formic 
acid and formaldehyde (Childs, Goldsworthy, Harding, King, Nineham, Norris, Plant, 
Selton, and Tompsett, /., 1948, 2174) afforded methyliminodiacetic acid (III; R = Me) 
in 95°, yield. Fusion with urea then yielded 87% of 1-methylpiperazine-3 : 5-dione (IV). 
This has been prepared less conveniently by Dubsky (Ber., 1916, 49, 1039) by sublimation 
of the diamide obtained by ammonolysis of the dimethyl ester. The use of urea for the 
direct conversion of dicarboxylic acids into imides appears to have received little attention 
although Guareschi (Bull. Soc. chim., 1888, 49, 299) has prepared camphoric imide in this 
way. The analogous conversion of monocarboxylic acids into amides has been studied by 
Cherbuliez and Landolt (Helv. Chim. Acta, 1946, 29, 1438). Reduction of 1-methyl- 
piperazine-3 : 5-dione with lithium aluminium hydride afforded 1-methylpiperazine in 
77°, yield, an overall yield of 64°, from iminodiacetic acid. The above reactions were 
readily adaptable to the millimole scale requisite for the synthesis of labelled diethyl- 
carbamazine. 

In the preparation of |x-!4C}glycine by treatment of | x-'4C]bromoacetic acid with aqueous 
ammonia a number of by-products are formed including iminodiacetic acid, tri(carboxy- 
methyl)amine, and glycollic acid (cf. Heintz, Annalen, 1865, 136, 213). The mother- 
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liquors from two such preparations were chromatographed on a column of ‘“ Dowex-50,”’ 
whereby an excellent separation was obtained of the residual glycine and of the required 
iminodiacetic acid, isolated as their hydrochlorides (see Fig.). No attempt was made to 
isolate the other components. Treatment of iminodiacetic acid hydrochloride with 
pyridine in aqueous alcohol yielded free iminodiacetic acid, the identity of which was 
confirmed by dilution analysis. Methylation, followed by fusion with urea and reduction 
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as outlined above, afforded 1-methyl-[2 : 6-'C,)piperazine hydrochloride of high specific 
activity. Treatment of this with diethylcarbamy! chloride and triethylamine in chloro- 
form at room temperature, a modification of the method of Kushner e¢ ai. (loc. cit.), afforded 
1-diethylcarbamy]-4-methyl-[3 : 5-C,)piperazine (I), isolated as the citrate in 90% 
yield. The identity of the material was confirmed by paper chromatography and by 
isotopic dilution with an authentic specimen. 


EXPERIMENTAL 

N-Benzyliminodiacetic Acid (II1; R = Ph°CH,).—N-Benzyliminodiacetic acid was _ pre- 
pared by an adaptation of the method for methyliminodiacetic acid (Org. Synth., Coll. Vol. II, 
1943, p. 397), an equivalent amount of benzylamine being employed in place of the methyl- 
amine. The reaction time was increased to 14 hr. and the product isolated as the barium salt 
(234 g.). After addition of the theoretical volume of 5n-sulphuric acid, filtration, and extraction 
of the barium sulphate with hot water, the combined extracts were concentrated under reduced 
pressure. On recrystallisation from water the acid formed colourless needles (111 g., 50%), 
m. p. 204° (decomp.) (Found: C, 59:0; H, 5-8; N, 6-0. Calc. for C,,H,,O,;N: C, 59-2; H, 
5-9; N, 6-394). Dubsky (Ber., 1921, 54, 2661) records m. p. 197—198° (decomp.), and Ziemlak, 
Bullock, Bersworth, and Martell (J. Org. Chem., 1950, 15, 255) record m. p. 214° (decomp.). 

N-Methyliminodiacetic Acid (III; R = Me).—Benzyliminodiacetic acid (20 g.), 10% acetic 
acid (300 c.c.), and 5° palladised charcoal (3 g.) were shaken in an atmosphere of hydrogen 
until absorption was complete (3 hr). The solution was filtered and concentrated to small 
volume under reduced pressure, and absolute ethanol was added. The iminodiacetic acid 
(10-54 g., 88°%) formed colourless prisms, m. p. 232° (decomp.). A specimen, crystallised from 
water, had m. p. 235° (decomp.) (Found: C, 35-9; H, 5-5; N, 10°6. Calc. for CJH,O,N : 
C, 36-1; H, 5-3; N, 10-59%). The m. p. has been recorded as 225° (Polstorff and Meyer, Ber., 
1912, 45, 1905), 235—236° (Bailey and Read, J. Amer. Chem. Soc., 1914, 36, 1759), and 245° 
(Jongkees, Rec. Trav. chim., 1908, 27, 294). 

Iminodiacetic acid (1-33 g.), 95°4 formic acid (1-5 g.), and 40% formaldehyde (1-2 g.) were 
heated under reflux on the steam-bath for 7 hr., the solvent removed under reduced pressure, 
and the residue triturated with absolute ethanol (15 c.c.). N-Methyliminodiacetic acid (1-39 g., 
95°) had m. p. 215—216° (decomp.), undepressed on admixture with an authentic specimen 
(Org. Synth., Coll. Vol. II, 1943, p. 397). Childs et al. (loc. cit.) record 83% yield for a similar 
method. 

1-Methylpiperazine-3 : 5-dione (IV).—A finely crushed mixture of methyliminodiacetic acid 
(2-94 g.) and urea (1-26 g.) was heated in an open test-tube fitted with a side-arm. The bath- 
temperature was raised until frothing commenced (160°). When gassing was largely complete 
the temperature was raised to 170° during 1 hr. Sublimation (cold finger) at 170—190° 
(bath) /15 mm. yielded 1-methylpiperazine-3 : 5-dione (2-22 g., 87%) as a colourless crystalline 
solid, m. p. 98—100-5°. Recrystallisation from n-propanol yielded colourless leaflets, m. p. 
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108—104° (Found: C, 47-1; H, 6-0; N, 21-9. Calc. for C;H,O,N,: C, 46-9; H, 63; N, 
21-99%). Dubsky (Ber., 1916, 49, 1039) records m. p. 105—106° for this compound prepared 
by sublimation of N-methyliminodiacetamide. 

1-Methylpiperazine-2 : 5-dione (I1).—-A mixture of sarcosylglycine (3-0 g.) and ethylene 
glycol (18 c.c.) was boiled under reflux for 30 min. After removal of the solvent at 0-5 mm., 
the residue was recrystallised from isopropanol, to give 1-methylpiperazine-2 : 5-dione (1-92 g., 
73%) in nacreous leaflets, m. p. 141—143° (Found: C, 46-7; H, 6-4; N, 21:9. C;H,O,.N, 
requires C, 46-9; H, 6-3; N, 21-9%). 

1-\Methylpipevazine.—To a vigorously stirred suspension of lithium aluminium hydride 
(20 g.) in dry tetrahydrofuran (400 c.c.) was added slowly a solution of 1-methylpiperazine- 
3: 5-dione (20 g.) in the same solvent (400 c.c.).. The mixture was boiled under reflux for 4 hr., 
cooled in ice, and diluted with ether (400 c.c.), and water (25c.c.) was added dropwise. The 
inorganic material was filtered off and extracted with ether in a Soxhlet apparatus. The com- 
bined extracts were concentrated to small bulk on the steam-bath in a flask containing acetic 
acid (60.c.c.).. Concentrated hydrochloric acid (50 c.c.) was then added and the solvent removed 
under reduced pressure. The last traces were removed by the addition of ethanol (50 c.c.) and 
evaporation under reduced pressure. MRecrystallisation from ethanol yielded 1-methylpiper- 
azine dihydrochloride monohydrate (23-2 g., 77%). An air-dried sample had m. p. 84—86°, 
but a specimen dried in vacuo over phosphoric oxide, first at room temperature and then at 
100°, had m. p. 242—243° (Found: C, 34:6; H, 8-4; N, 16-0. Calc. for C;H,.N,,2HCI: C, 
34:7; H, 82; N, 16:2%). The dipicrate separated from dimethylformamide-ethanol in 
yellow needles, m. p. 265° (decomp.) (Found: C, 36-5; H, 3:3; N, 19-9. Calc. for 
C,H,.N2,2C,H,0,N,;: C, 36-6; H, 3:3; N, 20-1%). The m. p. of the dihydrochloride mono- 
hydrate has been reported as 82-5—83° (Stewart, Turner, Denton, Kushner, Brancone, McEwen, 
Hewitt, and SubbaRow, J. Org. Chem., 1948, 13, 136), 90—91° (Prelog and Stépan, Chem. 
Zenty., 1935, II, 2817), and 110° (Baltzly, Buck, Lorz, and Schon, J. Amer. Chem. Soc., 1944, 
66, 263). Prelog and Stépan (loc. cit.) report m. p. 242—243° for the anhydrous material and 
m. p. 272° (decomp.) for the dipicrate. 

In a similar experiment in which the l-methylpiperazine-2 : 5-dione (1-5 g.) was added asa 
slurry, the mixture was boiled under reflux for6hr. 1-Methylpiperazine was isolated as the picrate 
(4-25 g., 659), m. p. 255° (decomp.), raised to 265° on recrystallisation from dimethylformamide— 
ethanol, and undepressed on admixture with a specimen obtained as above. 

Synthesis of Labelled 1-Diethylcarbamyl-4-methylpiperazine.—Each radioactive compound 
was assayed after conversion of a diluted sample into barium carbonate. Dry, semi-micro- 
combustions over copper oxide were performed in duplicate, the carbon dioxide being absorbed 
directly in hot aqueous barium hydroxide. ‘‘ Infinitely ’’ thick samples of barium carbonate 
were counted, a commercial thin-window counter being used. Specific activities (s.a.) were 
obtained by comparing the counts of the samples with that of a standardised “C-labelled poly- 
methyl methylacrylate disc of the same size. The specific activities are given as millicuries 
per millimole (mc/mmole). 

Isolation of [ax’-4C,|Iminodiacetic Acid.—The residues (total activity 25-8 mc; 6-56 mc 
as iminodiacetic acid) from two [«-4C]glycine preparations, from which excess of ammonia 
and the bulk of the glycine had been removed, were combined, dissolved in the minimum 
amount of water, and chromatographed on a column (3:5 x 90 cm.) of ‘‘ Dowex 50”’ (1 kg.; 
200—400 mesh, previously washed thoroughly with 4N-hydrochloric acid and then with water 
until the filtrate was neutral). The column was developed with 1-5n-hydrochloric acid. The 
first 850 c.c. of eluate, which contained an appreciable amount of radioactive material, were 
not further investigated, Subsequently the eluate was collected automatically in fractions 
each of 10-6 c.c. A sample (0-01 c.c.) of each fraction was pipetted on to the centre of a 1” 
watch-glass. After evaporation to dryness at 110°, the samples were counted with an end- 
window counter. The activities are plotted against tube numbers in the Figure. No attempt was 
made to identify the minor components. Subsequent elution with 2-5n-hydrochloric acid 
afforded only ammonium chloride. The contents of the tubes with activities comprising the 
peaks 4, B, and Cin the Figure were combined and evaporated to dryness in vacuo at ca. 50°. 
Samples of each were chromatographed on Whatman No. | paper with phenol-water-ammonia, 
each spot having been neutralised with ammonia before the chromatogram wasrun. A appeared 
to be a mixture of two components and was not further studied. The R, values of B and C 
were identical with those of authentic iminodiacetic acid and glycine respectively (autoradiograph 
and ninhydrin). The identity of each was confirmed by isotopic dilution analysis. The total 
yield of iminodiacetic acid hydrochloride was 204-9 mg. (5-90 mc; s.a. 4:88). 
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N-Methyliax’-MC,liminodiacetic Acid.—To a filtered solution of iminodiacetic acid hydro- 
chloride (204-0 mg.; 5-88 mc) in water (ca. 1-5 c.c.) was added absolute ethanol (10 c.c.), 
followed by pyridine (dropwise) until precipitation appeared complete. After 2 hr. at 0° the 
iminodiacetic acid (112-3 mg.; 4-21 mc; s.a. 4-98) was filtered off. The addition of two portions 
of inactive carrier iminodiacetic acid (total, 72-5 mg.) to the mother-liquors followed by con- 
centration of the solution and precipitation with absolute ethanol afforded two further crops 


(65-9, 29-6 mg.). The total radiochemical yield was 5-49 mc (9394). A portion of the [aa’-4C,)- 
iminodiacetic acid (144-4 mg.; 3-19 mc; s.a, 2:94) was methylated with formic acid and form- 
aldehyde as described above (yield: 146-4 mg., 92%). A paper chromatogram employing 


phenol-water-ammonia showed a single spot of R, 0-52 (autoradiograph). No trace of 
iminodiacetic acid (R, 0-22) could be detected with ninhydrin 

1-Methyl[2 : 6-4C,|piperazine.—The methyliminodiacetic acid (146-4 mg.; 2-93 mc) was 
dissolved in water, filtered into the tube of a small sublimation apparatus, evaporated to dryness 
in a current of air, and heated with urea (62 mg.) as described above. The white sublimate 
was dissolved in ethanol, the solution concentrated to small bulk, and the 1-methyl-[2 : 6-“C,}- 
piperazine-3 : 5-dione (76-8 mg.; 1-76 mc; s.a. 2-93; 60°) filtered off. 

To a vigorously stirred solution of lithium aluminium hydride (230 mg.) in dry ether (25 c.c.) 
was added a solution of 1-methyl-[2 : 6-“C,)piperazine-3 : 5-dione (76-8 mg.; 1:76 mc) diluted 
with inactive material (96 mg.) in dry tetrahydrofuran (5 c.c.). The mixture was boiled under 
reflux for 4 hr. and then cooled, and water (5 c.c.) was added dropwise. The mixture was made 
acid with 2n-hydrochloric acid, stirred for 1 hr., and the ether and tetrahydrofuran were largely 
removed by distillation. The residue was then made strongly alkaline with aqueous sodium 
hydroxide and distilled in steam into a receiver containing dilute hydrochloric acid (0-01 mole). 
Distillation was continued until samples showed no activity. The distillate (1-25 1.) was 
evaporated to dryness under reduced pressure. The 1l-methyl-/2 : 6-“C,)piperazine dihydro- 
chloride monohydrate (188-3 mg.; 1:26 mc; s.a. 1-28; 72°), which separated from absolute 
ethanol containing a few drops of concentrated hydrochloric acid in colourless plates, was filtered 
off and dried im vacuo. 

1-Diethylcarbamyl-4-methyl[3 : 5-4C,)\piperazine.—To 1-methyl/2: 6-“C,/piperazine dihydro- 
chloride monohydrate (97:6 mg.; 0-65 mc; s.a. 1-28) was added a solution of triethylamine 
(0-22 c.c.) in dry chloroform (4 c.c.), followed by a solution of diethylcarbamy] chloride (76-5 mg.) 
in dry chloroform (1 c.c.), and the mixture was kept overnight at room temperature. After 
the removal of most of the chloroform in a stream of air, dry ether (15 c.c.) was added, and the 
triethylamine hydrochloride filtered off and washed with ether. The filtrate and washings 
were concentrated to 5 c.c. and treated with a solution of citric acid (115 mg.) in ether (10 c.c.). 
The 1-diethylcarbamyl-4-methyl/3 : 5"C, piperazine dihydrogen citrate separated as an oil 
which readily solidified when scratched and was filtered off, washed well with ether, and dried 
in vacuo (yield: 179-9 mg.; 0-58 mc; s.a. 1-27; 90%). A paper chromatogram in pyridine— 
pentyl alcohol—water revealed only one spot (autoradiograph) of Ry, 0-75. Under the same con- 
ditions 1-methylpiperazine showed FR, 0-18. The purity was further confirmed by isotopic 
dilution analysis with authentic 1-diethylcarbamyl-4-methylpiperazine dihydrogen citrate. 
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(Australia). 

NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 


THE RipGeway, Mitt Hirt, Lonpon, N.W.7 
RADIOCHEMICAL CENTRE, AMERSHAM, BuCKS Received, July 2nd, 1953.) 


Page, Pritchard, and Trotman-Dickenson : 


792. The Thermal Decomposition of Azomethane. 
By M. Pace, H. O. Pritcuarp, and A. F. TROTMAN-DICKENSON. 


The thermal decomposition of azomethane has been reinvestigated 
in the temperature range 390—450° by the “‘toluene-carrier’’ flow 
technique. The rate constant for the decomposition in 15 mm. of 
toluene is given by k = 10Me~46,000R7 sect, The experiments provide 
strong evidence that the primary step in the decomposition is the splitting- 
off of a methyl radical. The reason for the discrepancy between these 
results and those obtained in static systems and the bond strengths in 
azomethane are discussed. 


THE thermal decomposition of azomethane has been investigated by several workers 
(Schumacher, “ Chemische Gasreaktionen,” Steinkopf, Dresden, 1938) because there 
was good evidence that it is a unimolecular reaction whose rate is dependent on the overall 
pressure in the reaction system, at pressures which are readily accessible to experiment. 
It has frequently been supposed that the azomethane molecule splits directly into an 
ethane and a nitrogen molecule, but this view receives no support from Riblett and Rubin 
(J. Amer. Chem. Soc., 1937, 59, 1537) who analysed the products formed in the decom- 
position and found considerable quantities of methane, some ethylene, and some un- 
identified involatile products. There are very few undoubtedly unimolecular reactions 
whose rates have been found to depend on the overall pressure and it is important to know 
if the decomposition of azomethane occurs so simply that it may be used to test theories 
of unimolecular reactions and of energy transfer. 

There is a second point of interest in connection with this reaction: the rate constant 
has been given as k = 3-1 x 10'8 exp(—52,000/R7) sec! (Ramsperger, ibid., 1927, 49, 
912; Kassel, ‘“‘ Kinetics of Homogeneous Gas Reactions,’’ Chemical Catalog Co., New 
York, 1932) and alternatively as k = 8 x 10% exp(—50,200/R7T) (Rice and Sickman, 
J. Chem. Phys., 1936, 4, 242); in either case the pre-exponential or A factor is very much 
larger than that which has been considered ‘‘ normal”’ on theoretical grounds. It is 
understandable that such high A factors should be found for chain reactions and it has 
been suggested that this reaction is a chain decomposition. 

By studying the decomposition in a flow system in the presence of toluene we hoped 
to isolate the initial step of the azomethane decomposition and so throw light on these 
matters. 


EXPERIMENTAL 

Materials —NN’-Dimethylhydrazine dihydrochloride (Hatt, Org. Synth., 1936, 16, 18) 
was converted into the cuprous chloride addition compound of azomethane (Diels and Koll, 
Annalen, 1925, 448, 262) which when heated at 120—140° yielded azomethane; the gas was 
purified by bulb-to-bulb distillation in a vacuum-system. The toluene was twice pyrolysed 
and distilled before it was used for kinetic experiments. 

Apparatus.—This was of the type used by Sehon and Szwarc (Proc. Roy. Soc., 1950, A, 
202, 263). 

Procedure.—The products of the pyrolysis flowed through an ice-salt trap which removed 
the dibenzyl, then through liquid-nitrogen traps which removed the condensable products ; 
the methane and nitrogen were pumped into a storage and analytical system. The proportion 
of methane in the non-condensable gases was found by burning the mixture in oxygen over a 
platinum filament and measuring the carbon dioxide formed. As the analytical system was 
not very suitable for the determination of ethane the amount formed was taken as equal to 
(N, — $CH,). Ethane was identified by its vapour pressure in the system. 

The toluene pressure in the flow system varied between 11 and 16 mm., the toluene : azo- 
methane ratio between 10 and 30, and the contact time was between 1-2 and 1-4 sec. Between 
10 and 50° of the azomethane was decomposed in a run. In calculating the results in the 
usual way on the basis of the nitrogen formed in the decomposition it was assumed that 
azomethane obeyed the perfect-gas laws. 
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RESULTS AND DISCUSSION 


A plot of the logarithms of the rate constants against the absolute temperature 
is shown in the Figure. The solid line corresponds to the Arrhenius equation, 
k = 10" exp (— 46,000 RT) sec.!. The amount of methane formed varied from 30°, 
of the non-condensables at the lower temperatures to 50°, at the higher. It must be 
supposed that all this methane is produced from methyl radicals released in the 
primary decomposition which abstract hydrogen atoms from the toluene carrier gas. 
The ethane found could be produced either by a partial initial split of the molecule 
into ethane and nitrogen or by the combination of methyl radicals. It is not possible 
to decide directly by which path it is formed but it can be shown that the rate of 
formation of ethane is such that it may readily be accounted for by the combination 
of methyl] radicals present in the concentrations corresponding to the rate of production 
of methane. If the rate constant for the reaction of methyl radicals with toluene is 
given by k 1-4 x 10!! exp (—8300 RT) mole! c.c. sec! (Trotman-Dickenson and 
Steacie, J. Chem. Phys., 1951, 19, 329; Gomer and Kistiakowsky, tbid., p. 85), then 
the concentration of methyl radicals in a typical experiment in the middle of the 
temperature range, at 417°, was 1-07 x 10"! mole c.c.! in the reaction zone. This 
corresponds to a rate of formation of ethane of 5-73 x 10°° mole c.c.? sec.-!, which may 
be compared with the observed rate of 3-2 « 10% mole c.c.! sec.!. This is certainly of 
the correct order of magnitude and the difference probably arises partly because the 
effective volume of the reactor for the reactions of methyl] radicals is rather larger than the 
effective volume for the decomposition. The positions of the limits of the reaction zone 
are determined by the temperature profile in the furnace and consequently will be rather 
further from the hottest region for reactions with low activation energies. Because of 
this uncertainty and because the experimental errors in the determination of the methane : 
ethane ratio are rather large, a reliable value for the rate of reaction of methyl radicals 
with toluene cannot be calculated from our results, but the findings are strong evidence 
that all the ethane comes from the combination of methyl radicals. 

Our results are compared with those of other workers and this is done in the Figure. 
The points for 15 mm. total pressure are taken from the smoothed curves obtained by the 
authors for the variation of rate constant with pressure at the different temperatures. 
It has been assumed that toluene and azomethane have approximately equal efficiencies 
for purposes of energy transfer; this has not been proved for azomethane but the efficiencies 
are very similar for toluene, and indeed all large molecules, with cyclopropane (Pritchard, 
Sowden, and Trotman-Dickenson, Proc. Roy. Soc., 1953, A, 217, 563) and cyclobutane 
(idem, ibid., 218, 416). The agreement between the three sets of results is excellent. 

A reason may be suggested for the discrepancy between these results and those obtained 
at high pressures, and for the complexity of the products from pure azomethane. The 
near identity of the rates measured by us and those obtained by the workers in static 
systems suggests that the same process, which is the fission of a C—N bond, is rate-determin- 
ing in each case. In pure azomethane, the methyl] radicals will abstract hydrogen atoms 
from the substrate and will combine with the Me*-N°N-CH,° radicals so formed. Ethyl 
radicals, and hence ethylene, may be formed by the subsequent decomposition of 
C.H,"N:NMe; the high-boiling products are probably formed by the addition of radicals 
to the nitrogen double bond (Taylor and Jahn, /. Chem. Phys., 1939, 7, 474). The higher 
activation energy found at high pressures is probably caused by the decomposition of some 
of the Me*N:N-CH,: radicals which are formed in greater numbers at high pressures. The 
rate of decomposition of this chain-carrying radical will be markedly temperature-de- 
pendent. The number decomposing cannot be large as the quantum yield for the photolysis 
of azomethane is only slightly dependent upon temperature (Burton, Davis, and Taylor, 
J. Amer. Chem. Soc., 1937, 59, 1989). This decomposition will explain the high activation 
energies which lead to the abnormal frequency factors. 

The activation energy of a unimolecular reaction whose rate is a function of pressure 
is also dependent on pressure, but the dependence is not sufficiently marked to be the 
cause of the difference tound here (Slater, Phil. Trans., 1953, 246, A, 57). Probably the 
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best expression for the high-pressure rate constant is k = 1-5 x 10' exp (—46,000/RT) 
sec.!, In view of these results it seems that the dependence of the rate constants on 
pressure is real but that the shape of the pressure-rate-constant curve is influenced by 
factors other than energy transfer. Consequently this decomposition is not an ideal 
reaction on which to test theories of unimolecular reactions. 

The heat of formation of azomethane is not known, but the heat of combustion of 
azoisopropane, Pri*N°N+Pr', has been found (Coates and Sutton, /., 1948, 1187) to be 
AH/(Pri*N°N-Prigas) = 19-4 +- 0-8 kcal./mole. Comparison with the substitution heats 
for olefins (‘‘ Selected Values of Properties of Hydrocarbons,” Nat. Bur. Stand., Circular 
No C461, Washington, 1947) leads to the value AH/(Me*N:N-Me,gas) = 43-2 kcal./mole, 
an estimate which is unlikely to be in error by much more than +2 kcal./mole. If 
AH/(CHg,gas) = 32-6 kcal. (Mortimer, Pritchard, and Skinner, Trans. Faraday Soc., 
1952, 48, 220) is then used, this leads to a value of D, + D, (t.e., the heat of the process 
Me:N:N:Me —» N, + 2Me) of 22 kcal./mole. Making the usual assumptions (Szwarc, 
Chem. Reviews, 1950, 47, 75), we identify the activation energy of 46 kcal. with D,. The 
situation where D, is very much greater than D, exists in the alkylmercury series (Mortimer, 
Pritchard, and Skinner, loc. cit.), where, for example, D, + D, for HgMe, is 57 kcal., 


Arrhenius plot for the decomposition of 
azomethane in a system at approx 
15 mm. total pressure. 

© This work. 

@ RKamsperger (loc. cit.). 

A. Sickman and Rice (loc. cit.). 
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D(Me—HgMe) being 51 kcal./mole (Gowenlock, Polanyi, and Warhust, Proc. Roy. Soc., 
1953, A, 218, 269). Azomethane is the only known case in which D, is greater than 
D, + D,; however, this extreme result is not entirely unexpected in view of the very 
large amount of energy required to raise the nitrogen molecule to a bivalent state from 
its zero-valent ground state. The lowest triplet state of N, is A®%,,° which is 143-5 kcal. 
above the ground state (Herzberg, ‘‘ Diatomic Molecules,” Van Nostrand, New York, 
1950) and it is reasonable to assume that the valency state is not far removed from this 
level. We can form an estimate of this excitation energy from the thermochemical data 
in the following way: the strength of a normal C-N single bond is approximately 83 
kcal./mole (Roberts and Skinner, Trans. Faraday Soc., 1949, 45, 339), so that D, + D, 
for azomethane should be 166 kcal. if no excitation energy were regained by N, in returning 
to its zero-valent state; the actual value of D, + D, is 22 kcal., so that the excitation 
energy involved is 166 — 22 = 144 kcal./mole, which is very close to the spectroscopic 
estimate, although this agreement is probably fortuitous. 

It is possible that the molecule does not initially lose one methyl] group closely followed 
by a second, but that both methyl groups split off simultaneously. It has hitherto not 
been necessary to postulate such a mechanism for any other reaction and it can be shown 
by thermochemical argument that it is not necessary in this case either. Compare the 
bond strengths in the two analogous molecules 


To the first approximation the Me—N dissociation energy in azomethane should be 83 
kcal., and the Me-C dissociation energy in acetone should be 84 kcal. (Roberts and Skinner, 
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loc. cit.); however, the C-C dissociation energy in acetone is only 73 kcal.; this weakening 
of 11 kcal. may be ascribed to a three-electron bond formed by conjugation of the free 
electron on the carbon atom with one of the lone pairs on the oxygen atom in the Me-CO- 
radical. That this resonance energy is of the correct order of magnitude may be seen from 
a study of the annexed Table, in which the relevant dissociation energies (in kcal./mole) 
are collected; they are all based on the values given by Gaydon (‘‘ Dissociation Energies,” 
2nd edn., Chapman and Hall, London, 1953) which, although they may not be correct, 


Azomethane Acetone 
D(—N=N—) = 82° D(>C=0) = 178° 
D(—N=N?) = 201° D(—C=Ot) = 194° 
D(N=N) = 225° D(CZO) = 256° 

* Thermochemical estimate * From Gaydon, op. cit. 


are internally consistent. The strengthening due to three-electron bond resonance in 
CO* relative to >CO in acetone is 16 kcal., which is of the same order of magnitude as 
the stabilisation of the Me-CO: radical (the stabilisation of Me-COs is about two-thirds of 
that in CO’). In the azomethane case, the stabilisation by three-electron bond resonance 
of N,* with respect to -N=N- in azomethane itself is 119 kcal. If again we take two- 
thirds of this as the stabilisation energy of the Me*N:N> radical, we get 80 kcal., leaving 
the dissociation energy D(Me-N:N-Me) of the order of 83 — 80 = 3 kcal./mole. This 
calculation merely serves to show that 46 kcal./mole is not an unreasonably low value for 
the dissociation energy of this single C-N bond: no significance should be ascribed to the 
exact calculated value. 


The idea of this investigation was suggested during a discussion between one of the authors 
and Professors O. K. Rice and M. Szwarc. 
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793. Tetrazolium Compounds. Part I. Tetrazolium Compounds 
containing Substituted Phenyl and Heterocyclic Rings. 


By J. N. AsHiey, (Miss) B. M. Davis, A. W. NINEHAM, and R. SLACK. 


Substituted derivatives of 2:3: 5-triphenyltetrazolium chloride have 
been prepared in order to study their biological potentialities. Particular 
attention has been paid to the introduction of amino- and substituted 
amino-groups. Two compounds containing heterocyclic groups and one 
bistetrazolium salt are also described. Various methods of oxidising 
formazans to tetrazolium salts have been examined. 


DvuRING the last few years a number of substituted triphenyltetrazolium salts has been 
prepared for various biological purposes, e.g., tissue staining and the demonstration of 
reducing enzymes in normal and neoplastic tissues. Smith (Sctence, 1951, 113, 753) has 
reviewed some of the uses of a few well-known compounds. 
The only general method of preparing tetrazolium salts is by the oxidation of formazans : * 
N=NR” NEAR 
RC sw 


‘N—NR 


The oxidising agents usually employed are nitrous acid, tsoamyl nitrite, mercuric oxide, 
or lead tetra-acetate (Kuhn and Jerchel, Ber., 1941, 74, 941). There appears to be no ready 


* Various methods of naming compounds of type (I) have been used. In agreement with the Editor, 
the nomenclature in this and subsequent papers of the series will be based on the Beilstein name 
“formazan ”’ for the hypothetical parent compound (1; R R’ R” = H), the numbering being as 
shown. The compound (I; R’ =H, R = R” = Ph), often called simply “‘ formazyl,” becomes 
1 : 5-diphenylformazan. 
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way of predicting which of these will be suitable and the final choice is usually made by 
trial. There are distinct resemblances between the oxidation—reduction system, formazan 
© 
= tetrazolium salt, and the well-known thermodynamically reversible systems, ¢.g., 
2H 

quinones = quinols, and azo-compounds == hydrazo-compounds. Some such pro- 
cesses, involving the overall reaction of two electrons per molecule, proceed by stepwise 
addition of individual electrons (cf. Michaelis and Schubert, Chem. Reviews, 1938, 22, 437) 
and it is possible that the tetrazolium salt-formazan relationship might show similar 
characteristics. However, little is known about the actual mode of reduction. At the 
mercury electrode, reduction apparently proceeds by a four-electron process to a stage 
beyond the formazan (Campbell and Kane, personal communication) * and it is by no 
means certain that the formazan is formed even as an intermediate. The oxidising agents 
which are effective in the reverse reaction are mainly characteristic dehydrogenators. 
Indeed, it has been noted during this work that some formazans appear to undergo a slow, 
but definite, autoxidation. It has also been shown that, if the oxidation of 1:3: 5- 
triphenylformazan to a 2:3: 5-triphenyltetrazolium salt is effected at room temperature 
with lead tetra-acetate in a closed system connected by a differential manometer, there is a 
very marked uptake of oxygen by the reacting formazan. Hence, under such conditions, 
some species capable of rapid reaction with atmospheric oxygen is formed transiently, and the 
most likely possibility is an odd-electron intermediate of the type R-N-N—CR’-N=N-R. 
This hypothesis should be capable of rigorous physicochemical proof and further work 
is being done f Meanwhile, an alternative oxidation procedure has provided a measure 
of corroborative evidence. Although | : 3 : 5-triphenylformazan in dilute alcohol is attacked 
very slowly by hydrogen peroxide, addition of a trace of ferrous iron causes immediate 
oxidation of dissolved formazan. This may be an example of the reactivity of the free 
hydroxy radical (cf. Haber and Weiss, Proc. Roy. Soc., 1939, A, 147, 332), or of some secon- 
dary organic radical, e.g., CH3*CH(OH): produced from the alcoholic substrate (cf. Mackinnon 
and Waters, /., 1953, 323). Ferric iron itself will not perform the oxidation. 

Two other methods of oxidation have been examined. Aqueous sodium hypochlorite 
converted 1 : 3: 5-triphenylformazan in acetic acid smoothly into 2 : 3 : 5-triphenyltetra- 
zolium chlorate, some inorganic hypochlorite decomposing at the temperature of the reaction 
to give the chlorate ion. Potassium chlorate itself is ineffective. The chlorate ion of the 
quaternary salt was reduced to chloride by ferrous iron, the tetrazolium nucleus being 
unaffected. Chromium trioxide in acetic acid oxidised the formazan to 2 : 3 : 5-triphenyl- 
tetrazolium dichromate. It is not suggested that these methods of oxidation show any 
advantage over the established procedures which have been used in this work. 

The formazans (Table 1) required for the synthesis of the various tetrazolium salts 
described were prepared by the condensation of appropriate diazonium chlorides with 
phenylhydrazones in the presence of pyridine. The following formazans did not appear 
to be formed under these conditions: 5-p-dimethylaminophenyl-1 : 3-diphenyl-, 3-p- 
dimethylaminophenyl-1 : 5-diphenyl-, 1 : 5-diphenyl-3-styryl-, 3-phenyl-1-2'-pyridyl-5-3'- 
pyridyl-, and 5-(4-acetamido-3-hydroxypheny]l)-1 : 3-diphenyl-formazan. In cases where 
one nucleus of the phenylhydrazone carried an activating substituent such as dimethylamino 
or hydroxyl, nuclear coupling may have occurred preferentially (cf. Hausser, Jerchel, and 
Kuhn, Ber., 1951, 84, 651) for, when hydroxyl groups were acetylated before coupling, 
formazan formation proceeded smoothly. In certain other cases, notably where long- 
chain substituents were concerned, the formazans were formed but could not be obtained 
solid or analytically pure. Examples studied were octamethylenebis-3-(1 : 5-diphenyl- 
formazan), 5-p-hexylphenyl-1 : 3-diphenyl-, _ 5-(4-N-acetyldodecylaminopheny])-1 : 3- 
dipheny!l-, and 5-(N-12’-acetamidododecyl-N-acetyl-4-aminopheny])-1 : 3-dipheny]-for- 
mazan. The last two were oxidised to tetrazolium salts which were successfully purified. 
Again, 3-p-bromophenyl-l-phenyl-5-(2 : 4 : 6-tribromophenyl)-, 3 : 5-di-p-cyanophenyl-1- 

* A polarographic examination has also been reported by Ried and Wilk (Annalen, 1953, 581, 49). 

t Kuhnand Jerchel (Annalen, 1952, 578, 1) recently prepared the stable, crystalline, 2 : 3-diphenylene- 
5-phenyltetrazolium radical by cautious reduction of the corresponding salt, an experiment which 
supports the general hypothesis of radical intermediates. 
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phenyl-, 5-p-(2-diethylaminoethoxycarbony!)phenyl-1 : 3-diphenyl-, and 1 : 3-diphenyl-5- 
p-N-(4-diethylamino-1-methylbutyl)sulphamylphenyl-formazan could not be oxidised 
satisfactorily. 

Most of the phenylhydrazones mentioned were known, but some of the amines used for 
diazotisation were new and were obtained from the appropriate acetanilides by nitration 


TABLE 1. Formazans, PhsNH*N:CR°NINR”. 


R’ 
p-C, Hy NO, 
Ph 
Ph 
Ph 
p-C,H,Br 
3: 4-(MeO),C,H, 
p-C, HyCN 


Ph 
Ph 


re. 
Ph 
p-C,HyNO, 
p-C,H,Cl 
p-C,H,Pr' 
p-C,H,Br 
2:4: 6-C,H,Br, 
p-C,HyOMe 
Ph 
p-CgHyCN 


p-C,H,Ph 
3-Pyridyl 


Yield 


M. p 
204° 


195 


Appearance 
Dark-red needles, 
green reflex 

Greenish-black 
needles 

Red prisms 

Black needles 

Black needles, 
purple reflex 

Reddish-brown 
needles 

Red needles, 
metallic reflex 

Purple needles, 
green reflex 

Dark-red 

Purple prisms, 


Solvent 
COMe, 


Aq. COMe, 


MeOH 
CHCl,-EtOH 


Aq. COMe, 
COMe, 
PhNO, 
Aq. COMe, 


yellow reflex 
Ph 8-6’-Methoxyquinoly] - 
Ph p-C,HyC,.H,; Red needles, EtOH 
green reflex 
4 -(Cialg Ph 32 Dark-red powder cycloHexane 
15* p-C,H,yNHAc Ph 5 206—: —- Pyridine 
j me p-CgHyNHAc 7 p — Aq. COMe, 
Ph 2: 4-C,H,Cl-NHAc Black prisms, EtOH 
red reflex 
5 Purple needles, 
yellow reflex 
Brownish-purple = 
plates 
Reddish-purple 
needles 
Red oil — 
Red gum — 
Dark red prisms, EtOH 
coppery reflex 


Ph 3: 4-C,H,Cl/-NHAc EtOAc 


Ph 2: 4-C,H,(NO,)‘NHAc 


Ph : 4-C,H,(OAc)"NHAc COMe, 


3 
Ph p 
Ph p 
P 
p 


-C Hy NAc‘C, Hy, 
C,HyNAc(CH, ,;NHAc 
Ph C,HyCO-O-(CH,)"NEt,,HCl 64 


Ph C,H,:SO,-NH-CHMe-[CH,},"NEt,, HCl 
47 194+ Red prisms ” 

* Prepared by D. D. Libman. °? Mentioned by Wedekind and Stauwe (Ber., 1898, 31, 1756) as 
of m. p. 165—170°, and by Busch and Schmidt (/. pr. Chem., 1931, 181, 182) but not described. 
© Described by Hausser, Jerchel, and Kuhn (Ber., 1949, 82, 515) as deep red needles, m. p. 164—165°. 
4 Wedekind and Stauwe (loc. cit.) give m. p. 173—174° but do not describe it. ¢ Prepared by D. W. 
Mathieson. 4 Wedekind (Annalen, 1898, 300, 239) gives m. p. 174°; Jerchel and Fischer (Annalen, 
1949, 568, 200) give m. p. 167—168°. % Prepared by D. L. Pain. This is the bisformazan. * Pre- 
pared by A. L. Tarnoky. 


* Could not be oxidised. + With decomp. 


and reduction. 2-Acetamido-5-aminopheny! acetate was obtained most satisfactorily from 
2-methyl-1 : 3-benzoxazole (Hewitt and King, /., 1926, 822). In our hands, nitration gave, 
not 2-methyl-6-nitro-1 : 3-benzoxazole as claimed by Newbery and Phillips (J., 1928, 122), 
but 2-acetamido-5-nitrophenol, which was acetylated and reduced to 2-acetamido-5- 
aminopheny] acetate (cf. Phillips, /., 1930, 2685). 

Throughout the work, recrystallisation of the tetrazolium salts to a state of analytical 
purity has been difficult, particularly with increasing complexity of the molecule. Many 
of the poor yields quoted in Table 2 are attributed to losses during recrystallisation. Salts 
often retained solvent of crystallisation very tenaciously and crystalline form varied widely 
with the conditions of crystallisation. Melting points are not characteristic, being usually 
accompanied by decomposition. 
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EXPERIMENTAL 


p-Cyanobenzaldehyde phenylhydrazone, prepared (52%) in boiling ethanol, separated in 
flattened yellow needles, m. p. 148-—149°, from aqueous acetic acid (1:4) (Found: N, 19-1. 
C,,H,,N; requires N, 19-0%). 

p-Cyanobenzaldehyde p-cyanophenylhydrazone was obtained (96%) as pale yellow needles, 
m. p. 246° (from ethanol) (Found: N, 22-9. C,;H,9N,y requires N, 22:7%). With p- 
cyanobenzenediazonium chloride in pyridine it gave mainly 4: 4’-dicyanobenzophenone 
p-cyanophenylhydrazone. 

2-Chloro-4-nitroacetanilide, prepared according to Chattaway ef al. (Ber., 1900, 33, 3057) and 
crystallised from methanol, gave cream-coloured needles (71%), m. p. 131—134° (lit., 143°), and, 
from carbon tetrachloride, colourless needles, m. p. 169—171° (Found: Cl, 16-5. Calc. for 
C,H,O,N,Cl: Cl, 165%). 

4-A mino-3-chloroacetanilide.—3-Chloro-4-nitroacetanilide (Fourneau, Trefouel, and Wancolle, 
Bull. Soc. chim., 1930, 47, 738) (40 g.) in boiling glacial acetic acid (65 c.c.) and water (80 c.c.) 
was treated with iron dust (30 g.) at a rate sufficient to maintain gentle boiling. The whole was 
then heated under reflux for 15 min. and filtered while hot. Basification of the filtrate gave the 
anilide as needles (57%), m. p. 115—116° (from benzene-—light petroleum) (Found: N, 15-4; 
Cl, 19:3. C,H,ON,CI requires N, 15-2; Cl, 19-3%). 

2-Acetamido-5-aminophenyl Acetate.—2-Acetamido-5-nitrophenyl acetate (74% yield from 
the phenol) was hydrogenated in ethanol in the presence of Adams’s platinum oxide at room tem- 
perature and pressure. The product crystallised from ethanol as the monoalcoholate (91%), 
colourless prisms, m. p. 210—211° (Found: N, 11-7. C,9H,.03;N,,C,H,O requires N, 11-0%). 

5-Acetamido-2-aminophenyl acetate was obtained by similar hydrogenation of a suspension 
of the nitro-compound in glacial acetic acid and, crystallised from methanol, had m. p. 240—245° 
(decomp.) (Found: C, 57-8; H, 5-8; N, 13-3. C,9H,,.O3N, requires C, 57-7; H, 5:8; N, 13-4%). 

1-p-Nitroanilinododecane.—p-Nitroaniline (14 g.), dodecyl iodide (30 g.), potassium carbonate 
(14 g.), and copper bronze (0-5 g.) were heated at 160—180° (bath-temp.) for4 hr. The cooled 
melt was extracted with boiling water, dried, and extracted with cold light petroleum. The 
insoluble residue was extracted with hot benzene, the extract was dried (MgSO,), the solvent 
removed, and the residue distilled, giving a bright yellow waxy solid, b. p. 222—224°/0-05 mm. 
(33%). This was recrystallised from methanol to give the base as yellow prisms, m. p. 64—65° 
(Found : C, 70:7; H, 10-1; N, 9-2. C,,H;,O,N, requires C, 70-6; H, 9-8; N, 9-1%). 

With acetic anhydride and a drop of concentrated sulphuric acid it gave the acetyl derivative, 
needles, m. p. 60—60-5°, from a large volume of aqueous methanol (1:9) (Found: N, 8-0. 
Cy9H3203Nz requires N, 8:05%). 

1-N-p-A minophenvlacetamidododecane.—The nitro-compound (19 g.), suspended in methanol 
(150 c.c.), was hydrogenated in the presence of Adams’s platinum oxide (0-5 g.) at room temper- 
ature and pressure (hydrogen uptake 82:5%). The solution was filtered, the solvent was removed 
in vacuo, the oily residue was dissolved in ether, and the solution treated with dry hydrogen 
chloride. The ether was decanted and the product was dissolved in acetone. Dry ether was 
added until crystallisation began. MRecrystallisation from dry acetone gave the hydrochloride 
as nacreous plates (64%), m. p. 165—168° (Found: N, 7-6; Cl, 9-6. C,).H,,ON,Cl,H,O 
requires N, 7:5; Cl, 9-5%). 

1-p-Methoxyphenoxy-12-p-nitroanilinododecane.—A mixture of 1-iodo-12-p-methoxyphenoxy- 
dodecane (70 g.) (Ziegler, Weber, and Gellert, Bery., 1942, 75, 1715), p-nitroaniline (64 g.), and 
powdered anhydrous potassium carbonate (25 g.) was heated at 150—160° (internal; critical) for 
3$hr. The mass was cooled and extracted with boiling chloroform, and the solution was filtered 
and evaporated. The residue crystallised from ethanol (charcoal) to give 1-p-methoxyphenoxy- 
12-p-nitroanilinododecane (55 g.), lemon-yellow leaflets, m. p. 84—85° (Found: C, 70-5; H, 8-7; 
N, 5-6, 5-4, 5-6. C,;H3,,0,N, requires C, 70-1; H, 8-4; N, 65%). Correct N (Dumas) values 
could not be obtained. Yields varied from 52 to 82% and diminished with increasing scale. 
They were not improved by the use of copper bronze or cuprous iodide. 

On use of equimolar quantities of reactants, only NN-di-(12-p-methoxyphenoxydodecyl)- 
p-nitroaniiine, pale yellow fluffy needles [from light petroleum (b.p. 60—80°)], m.p. 102—103°, 
was isolated (Found: N, 3-7. C,,H,,O,N, requires N, 3-7%). 

1-Brome-12-p-nitroanilinododecane.—1-p-Methoxyphenoxy-12-p-nitroanilinododecane (55 g.) 
was mixed with acetic anhydride (180 c.c.), and 60% hydrobromic acid (180 c.c.) was added 
dropwise with stirring. The mixture was heated under reflux with stirring for 2 hr. and poured 
into water. The resulting solid was filtered off, washed with water, and dissolved in hot benzene. 
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Water was removed azeotropically and the solution was filtered (charcoal). The yellow 
crystalline bromide (40%), m. p. 63—64°, was obtained by the cautious addition of light petroleum 
(b. p. 60—80°) (Found : N, 7:6; Br, 20-7. C,,H,,O,N,Br requires N, 7-3; Br, 20-89%). Condi- 
tions were critical. Yields varied from 33 to 55° and decreased with longer reaction times ; 
no desired product was obtained after 24 hours’ reaction or in a sealed tube at 120°. Only 
1 : 12-di-iodododecane was isolated when hydriodic acid was used. 


TABLE 2. Tetrazolium salts, 


Method 
of 
R’ R” Anion oxidn. (° M.p. Appearance Solvent * 
p-C,H,-NO, Ph Cl A ‘ 250° t Pale yellow CHCl, or 
prisms aq. HCl 
Ph p-C,HyNO, B 2  230— Colourless § COMe, 
232 t needles 
Ph p-C,H,Cl A 218 Yellow prisms EtOH 
Ph p-C,H,Pr! J é 186 ¢t Colourless EtOH-Et,O 
needles 
p-C,H,Br p-C,H,Br , - 183— Pale yellow MeOH 
185 t 
p-C,HyCN Ph , 240+ Buff EtOH-Et,O 
3: 4-C,H;(OMe), p-C,Hy-OMe 146 Lemon-yellow 50% EtOH 
prisms 
Ph p-C,H,Ph ? ! f 238 t Orange prisms CHCI,-Et,O 
Ph 3-Pyridyl ; 245+ Buff-yellow EtOH-Et,O 
Ph 8-6’-Methoxy- 221 Orange plates EtOH 
quinolyl 
Ph p-C,H,°C,,.H,; ¢ 74—76 Yellow CHCI,-Pet 
Ph p-C,H,Me f 5é 210— Pale yellow — 
220 rhombs 
-(CH,},- Ph f 220— Golden-yellow EtOH-Pet 
224 rhombs 
Ph p-C.HyNHAc ‘ 262+ Pale yellow MeOH-Et,O 
prisms 
Ph p-C,.Hy NH, y - — 235— Orange-yellow 9 
237 Tt rhombs 
p-C Hy NHAc Ph 0 : 274+ Pale yellow H,O 
prisms 
p-C,Hy NH, Ph ; 285+ Orange EtOH 
p-(p-Acetamido- Ph > 290 =Yellow 75% EtOH 
phenylsulphon- 
amido)phenyl 
p-(p-Aminophenyl- Ph ~- 219 Yellow elong- Aq. pyridine 
sulphonamido)- ated prisms (1:1) 
phenyl or orange 
rhombs 
> 4-C,H,ClNHAc Cl j 245— Orange-red EtOH-Et,O 
prisms 
2: 4-C,H,Cl-NH, a - — Orange-red a 
prisms 
3:4(C,H,CINH, Cl ! Yellow rhombs ‘i 
2:4-C,H;(NO,)-NH, Cl f — Orange-red * 
prisms 
3: 4-C,H;,(OH)-NH, 
C1,HCl 29 + Buff rhombs ae 
p-C,HyNH-C,,H,, I — Reddish- C,H,-Pet 
brown rhombs 
p-C,.H,y NH-[CH,],."NH, : 
Cl 140— Pale red COMe, or 
142 plates H,O 


Methods of oxidation: A, Mercuric oxide; B, lead tetra-acetate; C, isoamy] nitrite. 


* Prepared by D. D. Libman. * Bromide prepared by Kuhn and Miinzing, Chem. Ber., 1953, 86, 
858. ¢ Jerchel and Fischer (Annalen, 1949, 568, 200) give m. p. 242—243°. 4 von Pechmann (Ber., 
1894, 27, 2930) prepared the chloride, m. p. 229°. * Prepared by D. L. Pain. This is the bis-com- 
pound. 4 Wedekind (Ber., 1899, 82, 1919) prepared the iodide, m. p. 289°. The bromide, m. p. 287° 
(from water), was also prepared during the present work. *% Prepared by A. L. Tarnoky. 


* Pet. = light petroleum (b. p. 60—80°). t With decomp. 
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1-p-Nitroanilino-12-phthalimidododecane.—1-Bromo-12-p-nitroanilinododecane (35 g.) and 
potassium phthalimide (19 g.) were heated in an oil-bath at 130—150° for 2} hr. The cooled melt 
was extracted with boiling alcohol, and the solution was filtered (charcoal). The imide separated 
as yellow needles (97%), m. p. 116° (Found: C, 68-8; H, 7:3; N, 9:3. C,,H3,;0,N; requires 
C, 69-2; H, 7:3; N, 9-3%). 

1-A mino-12-p-nitroanilinododecane.—The foregoing imide (11-2 g.) was heated under reflux 
in methanol (100 c.c.) and chloroform (35 c.c.) with hydrazine hydrate (50%; 7 c.c.) for 8 hr. 
The mixture was evaporated almost to dryness and the residue stirred with dilute aqueous 
ammonia. The yellow product was filtered off, washed with water, and crystallised from 
methanol, to give yellow irregular prisms (94%), m. p. 86—87° (Found: N, 12-8. C,,H3,0O,N; 
requires N, 131%). Attempts to prepare this diamine through the hexamethylenetetramine 
adduct gave only intractable tars. 

Acetylation with acetic anhydride and a few drops of glacial acetic acid gave, after recrys- 
tallisation of the product from methanol (charcoal), N-p-nitrophenyl-1 : 12-diacetamidododecane 
(91%), yellow rectangular plates, m. p. 83° (Found: N, 10-7. C,,H3;0,N; requires N, 10-499). 

N-p-A minophenyl-1 : 12-diacetamidododecane.—The diacetyl compound (25 g.) was hydro- 
genated in methanol solution (120 c.c.) at room temperature and pressure in the presence of 
Adams's platinum oxide (0:5 g.) (95% uptake). The solution was filtered and the filtrate was 
saturated with dry hydrogen chloride. The thick oil remaining after evaporation of the solvent 
was used directly for diazotisation. The bright yellow picrate, m. p. 100°, separated from ethyl 
acetate (Found: N, 12-5. C,,HygO,N,,C,H,O, requires N, 12-1%). 


TABLE 3. Analyses of formazans. 
Found (°%%) Required (%) 
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Preparation of Formazans.—The following illustrates the general method used: 4-Amino-3- 
chloroacetanilide (10 g.), dissolved in glacial acetic acid (18 c.c.), was stirred with concentrated 
hydrochloric acid (15 c.c.) at 0—5°. Sodium nitrite (4:5 g.) in water (5—10 c.c.) was added 
during 2 hr. The diazonium salt solution was added dropwise to a stirred solution of benzal- 
dehyde phenylhydrazone (12 g.) in pyridine (90 c.c.). The temperature was kept at <12°, and 
the mixture was set aside for several hours. Water (250 c.c.) was added and the precipitate 
filtered off and washed with hot water and finally with a little methanol. It was then dried 
and extracted with hot benzene from which the formazan crystallised (Tables 1 and 3, No. 17). 
When the diazonium salts were soluble enough, glacial acetic acid was replaced by water and 
the amount of pyridine used was reduced. 

Preparation of Tetrazolium Salts —Oxidations of formazans with mercuric oxide and lead 
tetra-acetate were effected in methanol and chloroform respectively, either at room temperature 
or at the b. p., and with isoamyl nitrite in methanol into which a stream of hydrogen chloride 
was passed with stirring at 0°. 
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Alternative Methods of Oxidation of 1:3: 5-Triphenylformazan.—(a) With sodium hypo- 
chlorite. The formazan (5 g.) was heated in glacial acetic acid (100 c.c.) under gentle reflux, 
and 14—18%, aqueous sodium hypochlorite (ca. 30 c.c.) was added dropwise until the colour of 
the formazan disappeared. The solution was filtered and the filtrate was evaporated to dryness 
in vacuo. The crude solid was recrystallised from water, to give colourless prisms of 2: 3: 5- 
triphenvitetrazolium chlorate, which explodes on heating or percussion (Found: N, 14-4. 
C,,H,,;0,N,Cl requires N, 14:6%). A sample of the same salt prepared from 2: 3 : 5-triphenyl- 
tetrazolium chloride and potassium chlorate had identical physical properties. Reduction of 
the chlorate in boiling 2N-sulphuric acid with ferrous sulphate gave, after filtration of the mixture 
and addition of excess of sodium bromide to the filtrate, 2: 3: 5-triphenyltetrazolium bromide, 
m. p. 239—240° (decomp.), identical with an authentic specimen. 

(b) With chromium trioxide. The formazan (5 g.) in glacial acetic acid (50 c.c.) was treated 
with a solution of chromium trioxide (2 g.) in glacial acetic acid (50 c.c.) anda little water. After 
being boiled for 10 min., the solution was cooled and diluted with a little water, whereupon the 
2:3: 5-triphenyltetrazolium dichromate crystallised in orange prisms, m. p. 196—197° 
(decomp.). This salt also explodes on percussion. Consistent analytical data could not be 
obtained but the substance was identical with a specimen prepared from the chloride and 
potassium dichromate in acetic acid. 

(c) With hydrogen peroxide and ferrous ivon. The powdered formazan (5 g.), suspended in 
alcohol (50 c.c.) and 2N-sulphuric acid (20 c.c.), containing a trace of ferrous sulphate, was 
treated with an excess of aqueous 6% hydrogen peroxide and heated at 100° for lhr. Removal 
of alcohol by distillation, and addition of an excess of sodium bromide, precipitated crude 
2:3: 5-triphenyltetrazolium bromide, m. p. 240° (decomp.) after recrystallisation, 


TABLE 4. Analyses of tetrazolium salts. 
. Found (%) Required (%) 
Solvent of — ve é ieee 
crystn. Y N 
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CH,°OH 
* Cf. Table 2. t+ Analyses variable between 18-6 and 22-7% of I. t I analysis. 
* Found: OEt, 5-9. Reqd.: OEt,5-1%. & Found: OMe, 5-9. Reqd.: OMe, 5-2%. © Found: 
OMe, 17:6. Reqd.: OMe, 17:2%. 4 Found: H,O, 10-1. Reqd.: H,O, 9:7%. * Found: OMe, 
6-1. Reqd.: OMe, 6:1%. / Found: S, 6-5. Reqd.: S, 5-9%. 


5-p-A minophenyl-2 : 3-diphenyltetrazolium Chloride.—5-p-Acetamidopheny]l-2 : 3-diphenyl- 
tetrazolium chloride (5 g.) was boiled under reflux for 6 hr. with aqueous hydrochloric acid 
(d 1-16). The solution was evaporated to dryness and the residue was dissolved in dilute hydro- 
chloric acid. The free amino-tetrazolium chloride (Tables 2 and 4, No. 17) was precipitated by the 
addition of sufficient 2N-sodium hydroxide to make the solution just alkaline. 

5-p-(p-.d cetamidobenzenesulphonamido) phenyl-2 : 3-diphenyiltetrazolium Chloride.—-p-Acet- 
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amidobenzenesulphonyl chloride (8-5 g.) was added to a suspension of the above chloride 
(10 g.) in pyridine (50 c.c.). The solution was kept at room temperature for 15 min. and then 
warmed for a few minutes on the steam-bath. It was then cooled and diluted with water, to give 
a sticky orange product which hardened to yield a pale yellow powder (Tables 2 and 4, No. 18). 

A solution of the above chloride (2 g.) in ethanol (40 c.c.) and 2N-hydrochloric acid (20 c.c.) 
was heated under reflux for 2 hr., then evaporated to dryness. The residue was dissolved in hot 
water and the solution was cooled and filtered ; the solid amino-hydroxide was redissolved in hydro- 
chloric acid and reprecipitated by the addition of dilute sodium hydroxide solution (Tables 2 
and 4, No. 19). 

3-p-A minophenyl-2 : 5-diphenyltetrazolium Chloride.—3-p-Acetamidopheny]l-2 : 5-dipheny]l- 
tetrazolium chloride (1 g.) was heated with methanol (10 c.c.) and aqueous hydrochloric acid 
(d 1-16; 10c.c.) overnight, to give the amino-tetrazolium chloride (Tables 2 and 4, No. 15). 

Compounds 22—26 of Table 2 were isolated directly from the oxidation media, hydrolysis 
of the acetyl groups present in the formazans having been effected in situ, by boiling 5n-hydro- 
chloric acid. 

After the oxidation of 5-(4-acetamido-2-chlorophenyl)-1 : 3-diphenylformazan with mercuric 
oxide, the hydrolysis stage was omitted and 3-(4-acetamido-2-chlorophenyl)-2 : 5-diphenyl- 
tetrazolium chloride was isolated. Subsequent hydrolysis gave the amino-tetrazolium salt. When 
this oxidation procedure was followed for 5-(4-acetamido-3-chlorophenyl)-1 : 3-diphenylformazan, 
a mercuric chloride complex of the unacetylated 3-(4-amino-3-chlorophenyl)-2 : 5-diphenyl- 
tetrazolium chloride was isolated as pale yellow prisms, m. p. 217—219° (from methanol) 
[Found : C, 43-4; H, 3-1; N, 13-4; Cl, 20-0; Hg, 19-4. (C,H, N;Cl,),HgCl, requires C, 43-8 ; 
H, 3-1; N, 13-4; Cl, 20-4; Hg, 19-3%]. Ifthe oxidation was followed by immediate hydrolysis 
with warm 5n-hydrochloric acid, the free amino-tetrazolium salt was obtained. 

Oxidation of 5-(4-acetamido-2-nitrophenyl)-1 : 3-diphenylformazan with mercuric oxide gave 
the same type of mercuric chloride complex, even when acid hydrolysis followed the oxidation. 
The complex formed small yellow rods, m. p. 233—234-5° (decomp.), from ethanol-ether [Found: 
C, 42:7; H, 3-0; N, 15-5; Cl, 13-3; Hg, 18-6. (C,,H,,O,N,Cl),HgCl, requires C, 42-9; H, 2-8; 
N, 15:8; Cl, 13-4; Hg, 18-9%]. 

These complexes could be decomposed by the addition of excess of concentrated aqueous 
ammonia to an alcoholic solution of the complex. The solution was then filtered, and the tetra- 
zolium salt precipitated by the addition of concentrated hydrochloric acid. 


The authors thank Dr. A. J. Ewins, F.R.S., for his interest, Mr. S. Bance, B.Sc., A.R.I.C., 
for the semimicro-analyses, and the Directors of May & Baker Ltd. for permission to publish 
these results. 
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794. The Photochemistry of Selenium. Part I1V.* Photogalvanic 
Effects with Grey Selenium. 
By R. W. PITTMAN. 


Photogalvanic effects at gold electrodes coated with grey selenium, in 
aqueous hydrochloric acid, are described. These are shown to be different 
from those obtained with red selenium and the difference is accounted for 
in terms of the molecular structures of the two forms of the element. 


PHOTOGALVANIC effects with red selenium in aqueous hydrochloric acid were described 
in an earlier paper * and a mechanism capable of giving rise to these effects was suggested. 
This was, in brief, that Se, rings with trapped, light-induced, positive holes were capable 
of combining with hydrogen atoms formed by electrolytic discharge and that the labile 
entities so produced could participate in the equilibrium 

HSe, — e~ == Se, + H’* 
and thus allow such electrodes to behave reversibly in certain circumstances. If it is 
assumed that electron switching between light-excited Se, rings and adjacent Se, molecules 

* Part III, J., 1953, 855. 
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is relatively improbable, then an immediate implication of this argument is that the nature 
of these effects is directly associated with the particular molecular structure of red selenium 
and its validity would be enhanced if it were shown that grey selenium, with its infinite 
chains of covalently bound atoms (in which localisation of positive holes appears less 
likely) manifested a behaviour of different character. The experiments described here 
were directed towards that end. 


EXPERIMENTAL 

The apparatus used was as described in Part III, except that the selenium films were of 
the grey form. The preparation of the red selenium electrodes used in earlier experiments 
was a somewhat empirical process in which damage of the film by hydrogen evolution was 
frequent. However, increased experience enabled a more controllable technique to be developed, 
in which hydrogen evolution was reduced to negligible proportions. This may be outlined as 
follows. The gold electrode, im situ in the cell, was covered with a 20% aqueous solution of 
selenium dioxide and uniformly illuminated by two 100-w tungsten lamps placed at a distance 
of afew inches. It was then made cathodic, using a platinum-wire ring anode, and the applied 
potential was adjusted until a current of approx. 100 pa passed. After some minutes a thin 
bloom of selenium appeared on the gold. The lamps were then turned off and with the elec- 
trode in complete darkness the applied potential was varied until cathodic current just ceased 
to flow. The electrode was again illuminated and it was found that a cathodic current de- 
pendent upon light intensity, and of the order of 50 wa for these conditions, flowed through the 
circuit. This was allowed to continue until a selenium deposit of the required thickness was 
formed. The cell was then repeatedly washed with conductivity water to remove all traces 
of selenious acid. The films so obtained were bright red and highly uniform and adherent. 
Conversion into the grey modification was accomplished by 15 hours’ heating at 120°. 

If 4 faradays of charge are required to reduce one mole of selenium dioxide, then the passage 
of one coulomb should deposit 0-2 mg. of selenium. The radius of the electrode was 0-7 cm., 
hence, as the density of the grey allotrope is 4-79 g./c.c., the thickness of film for one coulomb 
is approx. 0-028 mm. 

Aqueous hydrochloric acid solutions of various strengths were used as electrolytes and the 
experiments were carried out anaerobically. The greatest care was exercised in the purification, 
by normal methods, of the materials used, and solutions were prepared with conductivity water. 

In the terminology of Part III, the gold electrode with its grey selenium film will be called 
the grey selenium electrode and all electrode potentials will be referred to a hydrogen electrode 
bathed in the same solution. 

RESULTS 

The behaviour, in darkness, of grey selenium electrodes was similar to that of red ones, i.e., 
they tended to act as polarised electrodes over a considerable potential range, approx. from 
0 to +1:0v. The rate of positive drift, already noted with the red modification, was greater 
and all the many electrodes examined attained potentials of the order of +0-5 to +0-8 v on 
resting in the dark for several hours after cathodisation. The values of the dark-rest potentials 
appeared to be independent of acid concentration and dependent only on the nature of the 
selenium film. The more perfect the film the higher the rest potential. 

The maximum responses of these electrodes, on open circuit, to variation of light intensity 
were not immediately attained (see Figs. 1 and 2). In the many observations made over the 
potential range in which these electrodes showed polarised behaviour, the sign of AE, the change 
in potential on illumination on open circuit, was always positive. The magnitude of AF could 
not be directly correlated with light intensity, and the static behaviour of these electrodes is 
best described by saying that on illumination they always take up a potential more positive 
than their dark-rest potential and that its value is a function of the incident-light intensity, 
and also of some property of the film which frequently seems to run parallel with film thickness. 
The differences in the static behaviours of red and grey selenium electrodes may be tabulated : 


Red Grey 

AE negative or positive according to whether dark AE always positive. 
rest potential is greater or less than +0-524 v. 

Illuminated rest potential constant at +0-524 v, Illuminated rest potential not constant, dependent 
independent of acid concentration, film thick- both on film thickness and light intensity; 
pear = at high light intensities, of incident independent of acid concentration. 
ight flux. : 
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In dynamic experiments, also, the behaviour of grey selenium was different from that of 
red. The shapes of the cathodic branches of the polarisation—current curves were dissimilar 
and the hysteresis due to the enhancement of reversibility by cathodisation, occurring with 


Potentials on open circuit. Grey selenium electrode in 0-O01N-HCL. 
Pic. 1. With high light intensity. Fic. 2. With low light intensity. 
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Polarisation—current curves. Grey selenium electrodes. 


Fic. 3. Film B in 0-01N-HCI. Fic. 4. Film D, o in 1-0N-HCI, e in 
0-O1N-HCI. 
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red selenium, was lacking. The form of such polarisation—-current curves is illustrated in 
Fig. 3. These curves with cusps are quite characteristic and reproducible, and the null current 
on illumination for a particular film, as defined by the discontinuity at zero potential, was 
shown to be directly proportional to light intensity (curves II, III, and IV, Fig. 3). At any 
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particular light flux the value of this null current appeared to be a function of film thickness, 
though it is believed that a less easily definable term ‘‘ perfection ’’ should also be included. 
The effect of film thickness, in this respect, is shown by comparison of curves II and IV of 
Fig. 3 (film B) with curves I and II of Fig. 4 (film D). The quantities of electricity allowed 
to pass in the formation of these films were 1-0 coulomb for film B, and 2-2 coulombs for film D. 
The thicknesses should be proportional to these quantities. 

The null current for a given film, with a given light intensity, remains constant for some time 
and then diminishes. This is definitely associated with dissolution of the grey selenium with 
the consequent production of hydrogen selenide, as shown by the precipitation of cadmium 
selenide in the micro-bubbler, containing half-saturated cadmium sulphate solution, through 
which the effluent gas from the main compartment of the cell was passed. 

It is believed that the passage of cathodic photo-current at zero polarisation and at more 
positive potentials results solely in the production of hydrogen selenide. Certainly at no time 
during the flow of such currents were hydrogen bubbles observed at the electrodes, though 
this, admittedly, has little significance as the quantities of electricity involved were so small. 
However, supporting evidence may be adduced from observations on grey selenium electrodes 
in selenious acid. A number of experiments were performed, using a similar procedure to 
that described in the Experimental section for preparation of the films except that the initial 
deposit was of grey selenium formed by the standard method. With zero dark currents, photo- 
currents of up to 200 ya were obtained, greater, it will be noted, than those given by the less 
stable modification. In no case was there any visible hydrogen production even after many 
hours. The selenium deposited in these experiments was always of the “‘ grey’’ form. The 
resulting films had a black matt appearance and were almost certainly microcrystalline. They 
showed the same general characteristics as the films produced by heat treatment. On the other 
hand, if cathodic dark currents were allowed to flow, hydrogen bubbles were observed at the 
electrodes after relatively short illumination. In experiments with hydrochloric acid solutions, 
hydrogen evolution increased markedly as the potential of the illuminated electrode was made 
increasingly negative, and this was undoubtedly at the expense of hydrogen selenide production, 
which at sufficiently negative polarisations was completely suppressed. As an instance of this 
a typical experiment is quoted. A grey selenium electrode in 0-1N-hydrochloric acid gave a 
null current of 12-5 wa, which after 95 min. had fallen to 8-5 ua. By this time there was a 
deposit of cadmium selenide in the effluent bubbler. The circuit was then broken, the cell 
swept out with nitrogen, and the potential of the illuminated electrode made sufficiently negative 
(ca. —0-32 v) for a cathodic current of 60 wa to pass. After 15 min. hydrogen bubbles were 
apparent at the electrode but even after 17 hr., no trace of cadmium selenide was observed in 
the appropriate bubbler. This prolonged cathodisation had drastic effects, small flakes of 
selenium being torn from the gold base. The null current on illumination had also fallen to 
2-0 ua, but after this current had been allowed to flow for 12 hr. a slight but definite deposit 
of cadmium selenide had been formed in the effluent bubbler. It is noteworthy that no signs 
of hydrogen selenide formation were ever observed with grey selenium electrodes in the dark. 

Variation of hydrochloric acid concentration in the electrolyte exercised little effect on the 
polarisation—current curves of grey selenium electrodes (cf. Fig. 4). It will be noted that the 
curves for identical light intensities but differing acid concentrations are almost superposed, 
only slight deviations being shown on the positive branches. 

With red selenium electrodes the effect of variation of acid concentration is quite marked 
(Part III), for, while the illuminated rest potentials of these electrodes are independent of this 
factor, the area enclosed between the polarisation curves in light and in darkness is greater 
the higher the acid concentration. 

The anodic branches of the curves for grey selenium greatly resemble those for red and 
hence those of the bare gold electrode. Some difficulties, which might arise from desorption 
phenomena, were, however, experienced in obtaining reproducible readings in the region just 
previous to the onset of steady flow of anodic current, but this phenomenon could not be 
examined by the techniques used in this work and further investigation in this region awaits 
the development of more refined methods. 


DISCUSSION 


It is difficult to discuss the results described in the previous section from the point of 
view of potential gradients originating in the separation of charge due to the interaction 
of light quanta and selenium atoms: first, because of the difficulty of dealing with such 
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gradients in a polyphase system and, secondly, because of the possibility of non-ohmic 
conduction. It seems easier and indeed, more fundamental, to consider that in certan 
circumstances a current, of magnitude proportional to incident-light flux, is generated 
at the illuminated selenium-solution interface. In fact the so-called null current, passing 
when the illuminated cell is short-circuited, is such a current and a plausible mechanism 
for its generation may be envisaged as follows. 

The interaction of a light quantum and a selenium atom produces an electron and a 
positive hole. It is suggested (Tamm, Z. Physik, 1932, 76, 849) that the bulk of such 
incipient-current carriers in semi-conductors becomes lodged in surface states. Bardeen 
(Phys. Review, 1947, 71, 717) suggests that this may result in a conduction band at the 
surface of the semi-conductor and that if the density of the surface levels is sufficiently 
high there will be an appreciable double layer at a free surface formed from a net charge 
due to electrons in surface states and a space charge of opposite sign extending into the 
bulk. This seems to have been confirmed by Brattain (1bid., 1947, 72, 345) by examination 
of changes in contact potential produced by illumination of semi-conductors. This 
tendency to formation of a double layer of specific orientation at the selenium-solution 
surface would be enhanced because the volume relations between H,O°* ions and electrons 
are more favourable than those between positive holes and chloride ions. If the potential 
of electrons at this surface is sufficiently high, discharge of hydrogen ions can occur. Now, 
the light-excited selenium atom, part of an infinite chain, can be considered as an odd 
molecule capable of combining with the newly formed hydrogen atom, with its odd 
electron, to give the entity (HSe,)*, being large. This unstable entity may then disrupt, 
extruding an HSe- ion into the solution and generating two positive charges which migrate 
to the dark face by p-type conduction in the chains. At first sight it would appear that 
this migration of charge needs a specific orientation of chains, but, if interaction between 
chains is assumed—and such an interaction involving chain endings seems highly probable— 
then the passage of positive holes from the illuminated face to the gold substrate can be 
visualised, even with random orientation. The overall cell reaction is completed by the 
charging of two hydrogen atoms at the hydrogen electrode to give the two positive ions 
required to fulfil the demands of electroneutrality in the solution. 

The magnitude of the null current generated by this mechanism will be proportional 
to incident-light intensity and also to the fraction of the total number of light-induced 
charges lodged in the surface states, and this fraction may well be a function of film thick- 
ness; thus we have a ready explanation of the experimentally observed dependence of 
null current upon film thickness. 

The effect of polarisation of the electrodes by applied potentials must next be con- 
sidered. A point of great importance here is the occurrence of discontinuities in the 
polarisation—current curves at zero polarisation. These are quite definite and repro- 
ducible phenomena, the uniqueness of which is confirmed by the results of experiments 
in which a small 50-cycle alternating component (approx., 0-1 Vv r.m.s.) was superimposed 
upon the steady polarising potential. This, in general, caused a change (A?) in the current 
flowing through the cell. Az was positive and at a maximum for zero polarisation; for 
many films the null currents on illumination were almost doubled. As the positive polaris- 
ation was increased Ai rapidly decreased, becoming zero at approximately +0-1 v. At 
greater positive polarisations it changed sign, but tt never became greater in magnitude 
than about 20% of the current due to steady polarisation. For polarisations in the 
opposite sense, Az slowly diminished, becoming zero at approx. —0-25 v but never changing 
in sign no matter how great the negative polarisation. 

The discontinuity, so strikingly displayed by this maximum rectifying effect at null 
D.C. potential, must undoubtedly arise from a change in mechanism, and such a change 
may be discussed in terms of the two processes of conduction possible in grey selenium, 
p-type involving the covalently linked selenium chains and n-type occurring in the inter- 
stices between the chains. These two processes may be considered as separate but not 
necessarily independent. It is reasonable to suppose that the flow of null current on 
illumination is confined to p-type conduction and that the flow of charge on external 
polarisation is, to a first approximation, limited to -type. Comparison of the relative 


[1953] Cleavage of Biscoclaurine Alkaloids, etc. Part I. 3893 


mobilities of the two current carriers adds weight to this suggestion. The flow of current 
through the cell, arising from external polarisation, should give rise to an ¢R drop across 
the selenium layer and it would seem that this potential difference is capable of polarising 
the mechanism of positive-hole conduction. This implies that the two current-carrying 
processes are independent within the bulk of the selenium but interact at the two surfaces. 
The theory of surface states is of assistance here, for the interaction can be explained by 
the lateral translation of charge within these states. 

Consider, first, the negative branches of the current—polarisation curves in the light 
of these suggestions. The gold-selenium surface will be negative with respect to that 
between selenium and solution, and the consequent potential gradient will facilitate the 
flow of positive holes towards the gold, thus depleting their concentration at the site of 
interaction with hydrogen atoms and diminishing the flow of pure photo-current. If 
the potential gradient is sufficiently steep the photo-current will be completely suppressed, 
the positive holes acting only as current carriers in the ordinary sense. This picture is 
certainly supported by the observed diminution in the yield of hydrogen selenide with 
increasing negative polarisation. 

With polarisations in the opposite direction, #.¢., on the positive branches, photo- 
electrons will be drained from the illuminated face, thus lowering the rate of hydrogen-ion 
discharge. Also the secondary positive holes produced by the transformation 

HSe* —» HSe~ + 2@ 
will be retarded in their passage to the gold, hence again the pure photocurrent will decrease 
and become completely suppressed at sufficiently high positive polarisations. In fact 
the illuminated selenium-solution interface may be considered as a current generator, 
the output of which is diminished by polarisation in either sense, thus giving rise to the 
discontinuity at zero polarisation. 


Thanks are offered to the Central Research Fund of the University of London for financial 
assistance in the purchase of apparatus. 
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795. The Cleavage of Biscoclaurine Alkaloids with Sodiwm in 
Liquid Ammonia. Part I. Curine and Chondrocurine. 


By I. R. C. Bick and P. S. CLEzy. 


On fission with sodium in liquid ammonia, OO-dimethylcurine yields (—)- 
O-methylarmepavine and (—)-N-methylcoclaurine, while the diastereoiso- 
meric OO-dimethylchondrocurine yields (—)-O-methylarmepavine and (-+-)- 
N-methylcoclaurine. The configurations of the two asymmetric centres in 
curine and chondrocurine are thereby proved. 


THE biscoclaurine (bisbenzylisoquinoline) alkaloids contain two benzylisoquinoline units 
such as (I), joined together by ether linkages. The two units may be joined only by a 
single ether linkage between positions 3’ and 4’, or also by one or two 7 : 8-ether linkages, 
or by one 7 : 8- and one 6: 7-ether linkage. However, in the biscoclaurine alkaloids, which 
occur in Chondrodenron species, the benzyl group of each coclaurine unit is connected to the 
isoquinoline group of the other, either by two 4’ : 8- or by one 4’ : 8- and one 3’ : 7-ether 
linkage. Further, structural and stereochemical isomerism, and variation in the degree 
of N- and O-methylation, occur in the thirty or so known biscoclaurine alkaloids. 

The method generally used for structural investigation has been Hofmann degradation 
and oxidation of the resultant methine bases. This was not always decisive for structure 
and provided no evidence on the configuration of the asymmetric centres. More recently 
Tomita, Fujita, and Murai (J. Pharm. Soc., Japan, 1951, 71, 226, 1036, 1039, 1043) 
introduced a method whereby the ether linkages are reduced with sodium in liquid ammonia, 
which gives almost quantitative yields of the single-unit, optically active coclaurine bases. 

7¥ 
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It is interesting that this reductive fission is a reversal of the probable biogenetic synthesis 
(Faltis and his co-workers, Ber., 1930, 63, 809; 1941, 74, 79; Amnnalen, 1932, 497, 69; 
499, 301). 
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We are applying this fission to biscoclaurine alkaloids of incompletely known structure, 
and report now the cleavage of curine [{(—)-bebeerine] and chondrocurine, two 
Chondrodendron alkaloids which have been isolated from tube curare and have been shown 
to be (III; R = Me, R’ = R” = H; and R = R” = H, R’ = Me, respectively) by King 
(J., 1935, 1381; 1936, 1276; 1937, 1472; 1939, 1157; 1940, 737) and by Dutcher (J. Amer. 
Chem. Soc., 1946, 68, 419) respectively. 

It was first necessary to methylate the phenolic groups with diazomethane. OO- 
Dimethylcurine and OO-dimethylchondrocurine so obtained are diastereoisomeric (Dutcher, 
loc. cit.), and from a comparison of the rotations of the two bases and their derivatives it 
seemed probable that OO-dimethylcurine, on fission, would yield two levorotatory coclaurine- 
type units, while OO-dimethylchondrocurine would yield one dextrorotatory and one 
levorotatory unit. 

To secure samples of known constitution, the diastereoisomeric alkaloids zsotetrandrine 
and phezanthine (II) (Kondo and Keimatsu, J. Pharm. Soc., Japan, 1935, 55, 63; Ber., 
1935, 68, 1503) were cleaved with sodium in liquid ammonia. Fission of the former has 
been shown by Tomita, Fujita, and Murai (loc. cit.) to yield (—)-O-methylarmepavine 
(I; R = R’ = Me) and (+)-N-methylcoclaurine (I; R= R’ =H). In the case of 
pheanthine it was known from the same authors’ study of the enantiomorphic alkaloid 
tetrandine (loc. cit.) that the products would be (—)-O-methylarmepavine and (—)-N- 
methylcoclaurine. These substances, isolated as described by the Japanese workers, 
corresponded in properties to the expected coclaurine derivatives. 

Fission of OO-dimethylcurine (III; R= R’ = R” = Me) with sodium in liquid 
ammonia yielded a phenolic and a non-phenolic base, both of which were levorotatory. The 
non-phenolic product (V) gave a crystalline methiodide identical with (—)-O-methyl- 
armepavine methiodide. The phenolic product (IV) proved difficult to crystallise, but 
when treated with diazomethane and then methyl iodide it gave crystalline (—)-O-methyl- 
armepavine methiodide. Thus, both asymmetric centres are levorotatory in curine. 
By similar methods, OO-dimethylchondrocurine gave a dextrorotatory phenolic and a 
levorotatory non-phenolic base, and thence (+)-O-methylarmepavine methiodide and 
(—)-O-methylarmepavine methiodide respectively. Thus in OO-dimethylchondrocurine 
(III; R= R’ = R” = Me) the asymmetric centres (a) and () are dextrorotatory and 
levorotatory respectively. 

Since this work began, Kidd and Walker (Chem. and Ind., 1953, 243) have 
recorded the cleavage of pheanthine and (—)-OO-dimethylbebeerine (00-dimethylcurine). 


[1953] Sodium in Liquid Ammonia. Part I. 3895 


The products which they obtained from phzanthine differed as expected only in sign of 
rotation from those obtained by Tomita, Fujita, and Murai (loc. cit.) from the enantio- 
morphic alkaloid tetrandrine, and those from (—)-O00-dimethylbebeerine were in accord 
with ours. 


EXPERIMENTAL 


M. p.s are corrected. The microanalyses were carried out in the Microanalytical Laboratory 
of the C.S.I.R.O. by Dr. K. W. Zimmerman and his staff. 

Fission of isoTetrandrine.—isoTetrandrine (0-8 g.) was dissolved in benzene (30 c.c.) and 
toluene (15 c.c.), and liquid ammonia (400 c.c.) was added. Sodium (2 g.) was then added 
gradually with vigorous stirring until the blue colour of the solution persisted for about an hour, 
whereafter the mixture was kept overnight to permit evaporation of the ammonia. Water and 
ether were added to the residue, and the ethereal phase was washed twice with 2% sodium 
hydroxide solution. The alkaline washings were combined with the aqueous phase (mixture A). 
The ether—benzene-toluene solution was exhaustively extracted with 5% hydrochloric acid, and 
the extract made alkaline with 2% aqueous sodium hydroxide. The non-phenolic base thus 
precipitated was re-extracted with ether, and the ethereal solution was dried (Na,SO,) and 
evaporated. The residue was chromatographed in benzene on alumina and yielded a pale oil 
which was warmed with methanolic methyl iodide (0-1 g. in 2c.c.). The methiodide of the non- 
phenolic base separated as needles, and after recrystallisation from methanol had m. p. 135° 
(sinters at 128°), [«]?? —118-5° (c, 0-5 in MeOH) (Found: C, 51-4; H, 6-6; MeO, 21-1. Cale. 
for C,,H,;0,;N,CH,I,H,O: C, 51-7; H, 6-2; 3MeO, 19-1%). Tomita, Fujita, and Murai 
(loc. cit.) report m. p. 135° for O-methylarmepavine methiodide. 

The phenolic base was recovered from mixture (A) by addition of ammonium chloride and 
extraction with ether. The ethereal solution was dried (Na,SO,) and evaporated to a yellow 
resin which was difficult to crystallise. It was methylated in methanol with ethereal diazo- 
methane; after 1 day a further amount of ethereal diazomethane was added. After 2 days 
evaporation in vacuo and chromatography as above gave a yellow oil which was treated with 
excess of methanolic methyl iodide. The product, (+)-O-methylarmepavine methiodide, 
crystallised from methanol as needles (0-2 g.), m. p. 135° (sinters at 127°), [a] + 125° (c, 0-2 in 
MeOH) (Found: C, 51-4; H, 6-6; I, 25-5%). 


Fission of Pheanthine.—Phzanthine (1 g.), in benzene-toluene (15 c.c. each), was cleaved 
with sodium (2 g.) in liquid ammonia (500 c.c.). The non-phenolic product, purified as 
described above, gave a methiodide as needles (0-4 g.) (from methanol), [a]? —118-1° (c, 0-5 in 
MeOH), m. p. 135° undepressed on admixture with (—)-O-methylarmepavine methiodide 
prepared from isotetrandrine. A depression of ca. 10° was observed on admixture with (+-)- 


O-methylarmepavine methiodide. 

The phenolic base, treated as described above, gave (—)-O-methylarmepavine methiodide, 
[a]? —114-1° (c, 0-5 in MeOH), m. p. and mixed m. p. 136° (from methanol). The m. p. was 
depressed on admixture of this product with the (+)-compound. 

OO-Dimethylcurine.—To curine (1 g.) in methanol (300 c.c.), diazomethane (from 2 g. of 
methylnitrosourea) in ether was added and the mixture set aside for 2 days, after which a 
further similar quantity of diazomethane was added. After four such additions, the solvents 
were removed under reduced pressure and the residue dissolved in 1% hydrochloric acid. The 
solution was made alkaline with 1° aqueous sodium hydroxide, and the precipitated base was 
extracted with chloroform-ether (1:4). Chromatography on alumina of a benzene solution of 
the residue afforded a pale oil (0-9 g.) which did not crystallise. Attempts to crystallise the 
dimethiodide also failed, as found by previous workers. 

Fission of OO-Dimethylcurine.—OO-Dimethylcurine (0-5 g.) in benzene—toluene (40 + 20c.c.) 
was added to liquid ammonia (400 c.c.). Cleavage with sodium (1-5 g. in all) and isolation and 
purification of the products were carried out as for isotetrandrine and pheanthine. The non- 
phenolic product (0-2 g.) gave (—)-O-methylarmepavine methiodide, m. p. and mixed m. p. 
132° [depressed on admixture with the (-+-)-compound by ca. 10°], [ajif —115-5° (c, 0-3 in 
MeOH). 

The phenolic product, isolated as before and methylated with diazomethane, afforded a 
pale oil (0-13 g.) from which (—)-O-methylarmepavine methiodide, m. p. and mixed m. p. 132°, 
{a]i* —116-0° (c, 0-3 in MeOH), was formed as before. 

Methylation of Chondrocurine.—Chondrocurine (1 g.) in methanol (100 c.c.) was methylated 
with diazomethane as described for curine. OO-Dimethylchondrocurine (1 g.) could not be 
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crystallised; with methanolic methyl iodide it gave the dimethiodide, m. p. 230—240° 
(decomp.) (from methanol), [«}]}#® + 153° (c, 0-3 in H,O). Dutcher (loc. cit.) reported m. p. 266° 
and [a|7* + 160° (in H,O). 

Fission of OO-Dimethylchondrocurine.—OO-Dimethylchondrocurine (0:85 g.) in benzene— 
toluene (1:1) was cleaved with sodium (1-7 g.) in liquid ammonia (500 c.c.) as previously 
described. The non-phenolic and the phenolic fraction were separated, purified, and treated as 
described for OO-dimethylcurine. The non-phenolic base gave (—)-O-methylarmepavine 
methiodide, needles (0-32 g.) (from methanol), m. p. 135°, [«]}§ —118-3° (c, 0-3 in MeOH), and 
the phenolic base gave the O-methyl ether (purified by chromatography) and thence (-+-)-O- 
methylarmepavine methiodide, m. p. 134°, [a]? +120-1° (c, 0:3 in MeOH). Both methiodides 
gave depressed and undepressed mixed m. p.s with authentic samples as appropriate. 


We thank Dr. J. R. Price for the gift of a sample of phzanthine, and Dr. J. D. Dutcher for 
samples of curine and chondrocurine. Our thanks are also offered to the University of Tasmania 
for a Research Grant to one of us (P. S. C.). 
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796. The Reaction between Hydroxylamine and Sodium Sulphite 
in Solution in Dilute Acid. 
By D. S. BrackMAN and W. C. E. HIGGINson. 


The kinetics of the reaction between hydroxylamine and sodium sulphite, 
and the properties of sulphamic acid and ammonia formed have been studied 
in the pH range 1—7. The mechanism of the reaction is discussed. 


In dilute acid solution hydroxylamine and sulphurous acid react directly to give sulphamic 
acid and small amounts of ammonia and sulphuric acid : 

H,SO, + NH,OH —-» NH,SO,H+H,O. ...... (I) 

H,SO, + NH,-OH —— H,SO, + NH, a : oi tm) 
Sisler and Audrieth (J. Amer. Chem. Soc., 1939, 61, 3389) aan that in viens acid or 
strongly alkaline solution no reaction occurs, and proposed a reaction mechanism for the 
formation of sulphamic acid involving reaction between sulphur dioxide and hydroxyl- 
amine molecules. Reaction between other species present in solution could lead to similar 
observations, and these authors did not examine the effect of changes of acidity upon the 
formation of ammonia by reaction (2). We have determined the proportion of ammonia 
formed to hydroxylamine consumed at different values of pH, and the dependence of the 
rate of disappearance of sulphite upon pH. This enables more reliable conclusions to be 
drawn about the reaction mechanism. 

Hydroxylamine hydrochloride and excess of sodium sulphite were allowed to react in 
the pH range 1-5—7-05. The sulphite, ammonia, and sulphamic acid concentrations were 
determined at the end of the reaction, and in some cases before reaction was complete. An 
accurate suitable method of estimating hydroxylamine was not available; however, when 
reaction was complete the consumption of sulphite was within -+-1% of the hydroxylamine 
used, and in all cases the sum of sulphamic acid and ammonia concentrations was within 

|.2°% of the sulphite consumption. We conclude that throughout the ratio of the sulphite 
and hydroxylamine consumptions is unity. In the annexed Table the proportion 
of ammonia formed to sulphite and hydroxylamine consumed is shown for several 
pH values. In these experiments the initial total sulphite concentration was 
between 0:05 and 0-20M, and the initial total hydroxylamine concentration was 
approximately half that of the sulphite. The temperature was 25°. (Here and subse- 
quently “total hydroxylamine” refers to the sum of NH,°OH and NH,°OH:H* 
concentrations, and total sulphite to the sum of SO,~, HSO,~, H,SO;, and dissolved SO, 
concentrations.) 


pH ercesccsscesccccscere AS 16 1:5 15 15 35 47 47 47 47 «60 60 60 60 7:05 
% reaction .... ww. 29 45 67 91 100 100 45 71 90 100 29 S51 96 100 80 
A[NH;,]/A[NH, -OH], ° ‘of 90 95 91 92 93 85 97 96 9-5 9-5 12-1 15-1 12:0 12:0 8-8 
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These results show that throughout a given experiment the proportion of ammonia 
formed is constant, and that this proportion varies little with pH over the range 
studied. The rates of formation of sulphamic acid and of ammonia and sulphuric acid 
thus depend in the same way upon pH and reactant concentrations, 1.e., the transition 
complexes of reactions (1) and (2) are kinetically indistinguishable. In finding the form 
of this dependence by kinetic experiments it was therefore sufficient to determine the 
concentration of sulphite only. 

The rate of disappearance of sulphite was determined in experiments in the pH range 
1-:0—6-8. The initial sulphite concentration varied from 0-046 to 0-070, and the initial 
hydroxylamine concentration from 0-021 to 0-042m. The reaction was studied to ca. 85% 
consumption of the hydroxylamine, sulphite always being in excess. The equivalence of 
sulphite and hydroxylamine being assumed, good second-order rate plots were obtained. 
A plot of the second-order rate constants, %, on an arbitrary scale, against pH is shown in 
the Figure, where k = {d{total sulphite]/dé}/[total sulphite}][total hydroxylamine]. The 
full curve A is a plot of the product, on an arbitrary scale, of the fractions of total sulphite 
and total hydroxylamine present as HSO,- and NH,°OH,H* in solutions of the pH 
indicated. Curve B is a similar plot of the product of the fractions present as HSO,~ and 
NH,‘OH. In evaluating these products, values of the first and the second dissociation 
constant of sulphurous acid, Ks; and Kg, have been taken as 1-72 x 10 and 
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6-24 x 108 mole 1.“!, respectively (Tartar and Garretson, J. Amer. Chem. Soc., 1941, 68, 
808), and the acid dissociation constant of the hydroxylammonium ion, Ky, as 
1:04 x 10°6 mole 1.-! (Hagisawa, Bull. Inst. Phys. Chem. Res., Tokyo, 1941, 20, 251). These 
are thermodynamic dissociation constants, and it is therefore an approximation to use 
them in the above manner. 

The Figure shows that the observed variation of the rate constants with pH follows 
curve A fairly closely, and that within experimental error there is no contribution from 
curve B. We cannot, however, conclude that reaction occurs between NH,°OH,H* and 
HSO,°, since plots of the functions 


____{H,SO,NHyOH] gg (SO,][NHyOH]_ 
[total sulphite|{total hydroxylamine] ~~ [total sulphite)[total hydroxylamine] 
against pH give precisely the same form of curve. Thus it is impossible to maintain that 
reaction occurs between any one of these pairs of molecules or ions, and though the 
transition complex can formally be represented as containing SO,, NH,°OH, and an un- 
specifiable number of water molecules, the atomic arrangement within this complex is also 
uncertain. The detailed mechanism of the reaction cannot therefore be decided by kinetic 
experiments, as implied by Sisler and Audrieth (loc. cit.). Our work does however enable 
us to reject the alternative reaction path involving the formation of a negatively charged 
transition complex containing NH,*-OH and HSO,~ which would also lead to a maximum 
rate in weakly acid solution (curve B). 
At ionic strength 0-5 and 25° the second-order velocity constant, 


k = 2-09 x 10°°[H*]?/((H*] + Ka)([H*] + Ke)({H*] + Ky) 


mole™ |. min.“1, and & attains the maximum value of 0-120 mole“ |. min.~! at pH 3-9. 
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EXPERIMENTAL 

““AnalaR’’ or recrystallised reagents were used. Hydroxylamine hydrochloride stock 
solution was standardised against potassium bromate (Kurtenacker and Wagner, Z. anorg. 
Chem., 1922, 120, 261). The stock sodium sulphite solution contained ca. 0-008 mole of di- 
sodium ethylenediaminetetra-acetate per mole of sulphite and was standardised against iodine. 
Such a solution, even in contact with air, is relatively stable, probably because traces of free 
copper ions are removed by the complexing agent, and the copper-catalysed aerial oxidation to 
sulphate (Titoff, Z. physikal. Chem., 1903, 45, 641) is thereby prevented. As an added 
precaution the stock solution was kept under nitrogen, and most experiments were done under 
nitrogen. 

Except for experiments at pH 1—2, reaction mixtures were buffered with phosphate 
(HPO,7/H,PO,-), acetate, formate, or chloroacetate mixtures as appropriate. Concentrations 
of reactants were so chosen that in most cases the change in pH during an experiment was not 
more than 0-05. At pH 1—2 hydrochloric acid and sodium chloride were used; here somewhat 
larger changes in pH occurred, and an average value was taken. In all experiments the initial 
ionic strength was 0-5. 

Total sulphite was found by adding the sample to a small excess of iodine in sufficient 3N- 
sulphuric acid to make the final solution approximately N with respect to sulphuric acid. Excess 
of iodine was determined by slow titration with standard sodium thiosulphate solution. Under 
these conditions hydroxylamine is not affected by iodine. Ammonia was determined by ‘the 
Kjeldahl method; before the solution was made alkaline, hydroxylamine and sulphite were 
removed by potassium permanganate oxidation in acid solution. Sulphamic acid was 
determined by titration against sodium nitrite in acid solution (Bowler and Arnold, Analyt. 
Chem., 1947, 19, 336) after the hydroxylamine and sulphite had been removed. 

The Reaction Catalysed by Transition-metal Ions.—Raschig (‘‘ Schwefel- und Stickstoff- 
studien,’’ Verlag Chemie, Berlin, 1924, p. 225) found that at pH 6—7-5 more hydroxylamine 
than sulphite was consumed, and nitrogen was evolved. At pH 7-2 with approx. 0-1M-sulphite 
and -hydroxylamine, and with 10“m-iron(111) or -copper(11) ion we found that a gas was evolved 
and that the consumption ratio of hydroxylamine to sulphite was approx. 1-85:1. The 
hydroxylamine concentration in these experiments was determined by titration with iodine at 
pH ca. 4-7 (acetate buffer), after sulphite had been estimated as above. This method is 
approximate, but the hydroxylamine concentration could be determined with an accuracy of 
+5% (cf. Bray, Simpson, and MacKenzie, J. Amer. Chem. Soc., 1919, 41, 1363). Using 
unpurified reagents without deliberate addition of transition-metal ions we observed a very 
slow evolution of gas at pH 7-2, and we think it possible that Raschig’s results were obtained 
owing to trace impurities of this kind. In our main experiments the ethylenediaminetetra- 
acetate introduced with the sulphite solution was probably effective in suppressing this reaction. 
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797. The Pyrolysis of Some Complex Urethanes. 
By M. A. FLETCHER, M. W. Lakin, and S. G. P. PLAnt. 


The products formed when the N-methoxycarbonyl and N-ethoxy- 
carbonyl derivatives of carbazole, tetrahydrocarbazole, hexahydrocarbazole, 
and l-naphthylamine are boiled under reflux at atmospheric pressure have 
been investigated. In the case of methyl carbazole-9-carboxylate the effect 
of the addition of various substances has been studied. 


DutuHie and PLANT (J., 1952, 1899) found that when methyl acenaphthyleno(7’ : 8’- 
2 : 3)indole-l-carboxylate (I; R = CO,Me) was heated for a few minutes at 300° it was 
largely decomposed to give, besides carbon dioxide, a substantial amount of 1-methyl- 
acenaphthyleno(7’ : 8’-2 : 3)indole (I; R = Me) and a little acenaphthyleno(7’ : 8’-2 : 3)- 
indole (I; R =H). The latter substance was formed almost quantitatively in the 
presence of an excess of 2-naphthylamine. This interesting pyrolytic process has now 
been explored with a number of other urethanes. When the closely related, but more 
readily accessible, methyl carbazole-9-carboxylate (II; R= CO,Me) was refluxed at 
atmospheric pressure, it decomposed nearly quantitatively during 2 hr. into carbon 
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dioxide and 9-methylcarbazole. In the presence of an excess of 1-naphthylamine, 
carbazole was obtained in excellent yield, but it was not possible to determine the fate of 
the methyl group. Refluxing with 2-naphthol again yielded carbazole, and some, but 
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probably not all, of the methyl appeared as methyl 2-naphthyl ether. One of the 
mechanisms which may be adduced for the reaction can be represented as : 


O ae te 
>N—CO—Me —-» >N + Me + CO, —-» >NMe + CO,. 
Ru, Lo 


With this in mind it seemed possible that the carbazolyl and methyl groups might add 
under these conditions to 1-naphthonitrile, which has a conveniently high boiling point, 
with the formation of an amidine, a reaction which would be somewhat reminiscent of that 
observed by Dyson and Hammick (/., 1937, 1724) in the formation of alcohols by the 
decarboxylation of quinaldinic and related acids in the presence of some aldehydes and 
ketones. In fact, this reaction could not be effected, and the nitrile acted to some extent 
like the substances mentioned above, for both carbazole and 9-methylcarbazole were 
obtained from the product. A very substantial amount of carbazole was formed when 
the pyrolysis was carried out in the presence of 7: 8-benzoquinoline (b. p. 338°), a 
convenient tertiary base of pyridine type, but with l-nitronaphthalene the product was 
black and resinous, probably through the oxidising action of the nitro-compound at the 
high temperature involved. 

Pyrolysis of methyl tetrahydrocarbazole-9-carboxylate (III; R = CO,Me) proceeded 
rather differently. A considerable quantity of tetrahydrocarbazole was isolated from the 
product, but there was also much resin. With methyl hexahydrocarbazole-9-carboxylate 
(IV; R= CO,Me) the pattern was more complex: carbon dioxide and methanol were 
evolved, and hexahydrocarbazole, 9-methylhexahydrocarbazole, and a resinous, non-basic 
fraction were formed. 

Ethyl carbazole-9-carboxylate (II; R= CO,Et) and ethyl tetrahydrocarbazole-9- 
carboxylate (III; R = CO,Et) gave carbon dioxide, ethylene, and, almost quantitatively, 
carbazole and tetrahydrocarbazole respectively under similar conditions; but the process 
was again more complex when applied to ethyl hexahydrocarbazole-9-carboxylate (IV; 


9-ethylhexahydrocarbazole, and a non-basic resin. 

All the above urethanes are derived from substances containing the secondary >NH 
group, and it seemed of interest to examine similar compounds from a primary amine. 
Methyl! 1-naphthylcarbamate, C,)H,*-NH-CO,Me, when refluxed for 3} hr., gave a large 
proportion of methanol, but carbon dioxide was evolved and NN’-di-l-naphthylurea 
was isolated from the complex residue. No ethylene was detected when ethy] 1-naphthyl- 
carbamate was pyrolysed under similar conditions, but the products were analogous to 
those obtained from the methyl ester. It seems probable that here a substantial amount 
of the urethane undergoes dissociation into the corresponding alcohol and isocyanate, but 
the latter is involved in further complex changes. Such a simple dissociation is, of course, 
not possible in urethanes derived from secondary bases. 

Métayer (Bull. Soc. chim., 1951, 802) found that some urethanes of the type 
R:‘NH-CO,Et, on distillation at atmospheric pressure with or without the addition of 
Raney nickel, give ethanol and the corresponding tsocyanate, while urethanes of the type 
RR’N-CO,Et are more stable and distil unchanged. The observations now described are 
not in conflict with those of Métayer. It follows that many urethanes of fairly high 
boiling point distil essentially unchanged, but gradually decompose when boiled under 
reflux for some time. 
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EXPERIMENTAL 


Methyl Carbazole-9-carboxylate.—Carbazole (3 g.) in hot acetone (45 c.c.) was added to 
potassium hydroxide (5-1 g.) in water (2-55 c.c.) and treated gradually, with vigorous shaking, 
with methyl chloroformate (8-7 g.). After dilution with water, the precipitated methyl 
carbazole-9-carboxylate separated from ethanol in colourless needles (2-1 g.), m. p. 77° (Found: 
C, 74:8; H, 4:6. C,,H,,O,N requires C, 74:7; H, 4-9%). 

When this urethane (3 g.) was refluxed (b. p. 325°) in a long-necked distilling flask and the 
issuing gas passed through a water-cooled trap, no liquid was collected, but carbon dioxide was 
detected with lime-water. After 2 hr., the residue was submitted to fractional steam- 
distillation, and all the solid fractions were found to melt at, or near, 86°. The united material 
(2:3 g.) gave 9-methylcarbazole, colourless needles, m. p. 87—88° (from ethanol), not depressed 
by admixture with an authentic sample. 

After a mixture of the urethane (0-5 g.) and 1-naphthylamine (3-5 g.) had been similarly 
refluxed for 1 hr., the cold product was powdered and extracted with very dilute hydrochloric 
acid until the solution no longer gave a precipitate with ammonia. The filtered solution of the 
residue in hot acetone was diluted with water, and the solid crystallised from acetone, from 
which carbazole (94%) separated in colourless plates, m. p. 240° (identified by mixed m. p.). 

A mixture of the urethane (3 g.) and 2-naphthol (30 g.) was refluxed until evolution of 
carbon dioxide ceased (1} hr.) and the residue well shaken with aqueous sodium hydroxide 
(300 c.c. of 10%) and ether. When the material recovered from the ethereal layer was steam- 
distilled, the more volatile methyl 2-naphthy] ether (0-6 g.) was removed from carbazole (2-1 g.), 
both substances being identified by mixed m. p. 

After a mixture of the urethane (2 g.) and 1-naphthonitrile (10 g.) had been refluxed for 
3 hr., it deposited crystals of carbazole (0-3 g.) on cooling. These were filtered off, and the 
unchanged nitrile removed by distillation under reduced pressure. When the pasty residue 
was treated with methanol, a solid (0-48 g.), m. p. 82—-84°, was obtained, and this gave almost 
colourless needles, m. p. 85° (from methanol), identified (mixed m. p.) as 9-methylcarbazole. 

A mixture of the urethane (1 g.) and 7: 8-benzoquinoline (10 g.) was refluxed for 1 hr. and 
all basic material extracted with dilute hydrochloric acid. The residue, m. p. 230°, was 
crystallised from acetone and shown to be carbazole (0-6 g.) by mixed m. p. 

Methyl Tetrahydrocarbazole-9-carboxylate.—To avoid the presence of unchanged tetrahydro- 
carbazole in the product, not more than 80% of the theoretical amount of this substance must 
be used in the preparation of the urethane. Tetrahydrocarbazole (4:55 g.) was gradually added 
to ethylmagnesium iodide, prepared from magnesium (0-8 g.), ethyl iodide (5-3 g.), and ether 
(100 c.c.), and the whole warmed for a few minutes. After the gradual addition of methyl 
chloroformate (3-5 g.) in ether (15 c.c.), the mixture was left for 1 hr. and then treated with 
dilute hydrochloric acid. When the dried ethereal layer was fractionated, methyl tetrahydro- 
carbazole-9-carboxylate was collected at 210°/12 mm. as an almost colourless oil (2 g.) which 
solidified (m. p. 35°) (Found: C, 73-3; H, 6:5. C,4H,,O,N requires C, 73-4; H, 65%). All 
the samples of this urethane were analysed before pyrolysis to ensure the absence of significant 
amounts of tetrahydrocarbazole (Calc. for C,,H,,;N: C, 84-2; H, 7:6%). 

When this urethane (3 g.) was refluxed as described above, no liquid collected in the trap, 
but carbon dioxide was steadily evolved during 14 hr. Several solid fractions, all melting in the 
range 105—112°, were collected on steam-distillation, and these, when united and crystallised 
from methanol, gave tetrahydrocarbazole (0-9 g.), m. p. 118° (identified by mixed m. p.), but 
there was a sticky black residue from which nothing pure could be obtained. 

Methyl Hexahydrocarbazole-9-carboxylate.—Prepared like methyl carbazole-9-carboxylate, 
and in almost quantitative yield from the common cis-hexahydrocarbazole (m. p. 99°), the 
urethane separated from methanol in colourless plates, m. p. 68° (Found: C, 72-8; H, 7-6. 
C,,H,,0,N requires C, 72-7; H, 7:-4%). 

When this urethane (5 g.) was refluxed as before, carbon dioxide was evolved during 2 hr. 
and a colourless liquid (about 0-25 g.; b. p. 65°; shown to be methanol by conversion into its 
3: 5-dinitrobenzoate) was collected in the trap. After the residue had been resolved into basic 
and non-basic fractions by shaking with dilute hydrochloric acid and ether, the acid solution 
was made alkaline with aqueous sodium hydroxide. The basic product (about 1-6 g.) was 
collected in ether, dried (MgSO,), recovered by evaporation of the solution, and shaken 
vigorously with aqueous potassium hydroxide (6 c.c. of 10%) and benzoyl chloride (1-02 g.), 
added in portions. The product, collected in ether, was extracted with dilute hydrochloric acid, 
and the ethereal solution, after being dried and evaporated, gave 9-benzoylhexahydrocarbazole 


[1953] The Pyrolysis of Some Complex Urethanes. 3901 


(0-9 g.) which crystallised from ethanol in colourless needles, m. p. 103°, identified by mixed 
m. p. with an authentic specimen (Gurney and Plant, J., 1927, 1314). The last-named acid 
solution was made alkaline and the basic product taken up in ether. After this extract had 
been dried and evaporated, the residue was refluxed for 15 min. with four times its volume of 
methyl] iodide, and the excess of this reagent distilled off. When the solid had been crystallised 
from ethanol, it melted at 191° (decomp.) and was identified as the methiodide of 9-methyl- 
hexahydrocarbazole (0-81 g.) by comparison with an authentic specimen (compare Schmidt 
and Sigwart, Ber., 1912, 45, 1784; von Braun and Ritter, Ber., 1922, 55, 3795). This method of 
analysis was developed with known mixtures of hexahydrocarbazole and its 9-methy] derivative, 
and the amounts of the substances obtained above indicated the presence of 1 g. of the former 
and 0-6 g. of the latter in the pyrolysis product. The ethereal solution of the non-basic portion 
(2-5 g.) of the pyrolysis product was dried and evaporated, but nothing pure could be obtained 
from the residue. 

Ethyl Carbazole-9-carboxylate—A method similar to that described above for the corre- 
sponding methyl ester was found to be more convenient for the preparation of this urethane, 
colourless needles, m. p. 75—76° (from ethanol) (Found: C, 75-2; H, 5:3. Calc. for C,;H,,0,N : 
C, 75:3; H, 54%), than those given in the literature (Oddo, Gazzetta, 1911; 41, 256; 
U.S.P. 2,089,985, Chem. Zentr., 1938, i, 937). 

The urethane (3 g.) was refluxed in a long-necked distillation flask and the gaseous products 
passed first through a water-cooled trap, then through two bottles containing bromine (a total 
of 3-9 g.) under water, and finally through lime-water. Nothing collected in the trap, but the 
lime-water showed a steady evolution of carbon dioxide during 2 hr. The contents of the 
bottles containing bromine were shaken with aqueous sodium hydroxide and the oily layer 
(2 g., b. p. 180°) identified as ethylene dibromide by heating it with thiourea in ethanol, 
conversion into the corresponding S-alkylisothiouronium picrate, m. p. 260° (decomp.), and 
comparison with an authentic specimen (Brown and Campbell, /., 1937, 1699). When the 
residue was crystallised from acetone, carbazole, m. p. 235° (identified by mixed m. p.), was 
obtained in almost quantitative yield. 

Ethyl Tetrahydrocarbazole-9-carboxylate.—This substance was prepared by a process similar 
to that used for methyl carbazole-9-carboxylate and identified (mixed m. p.) with the compound 
obtained less conveniently by the method of Perkin and Plant (J., 1923, 123, 676). The 
urethane (1 g.) was refluxed for 14 hr. as described for ethyl carbazole-9-carboxylate with very 
similar results. The residue (0-65 g.) melted at 105—109° (after softening from 70°), and, 
when crystallised from ethanol, gave tetrahydrocarbazole, m. p. 116° (identified by mixed m. p.). 

Ethyl Hexahydrocarbazole-9-carboxylate.—Prepared like the corresponding methyl ester, this 
urethane separated from ethanol in colourless plates, m. p. 42° (Found: N, 5-6. C,,H,,O,N 
requires N, 5-7%). 

The substance (5 g.) was refluxed as described for ethyl carbazole-9-carboxylate. Carbon 
dioxide and ethylene, collected as ethylene dibromide (2-4 g.), were evolved during 2 hr., and 
ethanol (0-12 g.), identified as its 3 : 5-dinitrobenzoate, condensed in the trap. The residue was 
resolved into a basic and a non-basic portion and these were examined as described for the 
pyrolysis of methyl hexahydrocarbazole-9-carboxylate. 9-Benzoylhexahydrocarbazole (1-25 g.) 
and 9-ethylhexahydrocarbazole methiodide [0-6 g.; m. p. 190° (decomp.)], identical with the 
substance described below, were obtained. Application of this method of analysis to known 
mixtures of hexahydrocarbazole and its 9-ethyl derivative showed that these observations 
corresponded with the presence of 1-3 g. of the former and 0-45 g. of the latter in the pyrolysis 
product. Nothing pure could be obtained from the non-basic portion (2-5 g.). 

9-Ethylhexahydrocarbazole.—After a mixture of N-ethyl-N-phenylhydrazine (60 g.) and 
cyclohexanone (64 g.) had been warmed on the steam-bath for a few minutes, sulphuric acid 
(500 c.c. of 10%) was added, and the whole boiled for a short time. When the benzene solution 
of the oily product was dried and fractionated, 9-ethyltetrahydrocarbazole (50 g.), b. p. 
188°/17 mm., was collected as a pale yellow liquid (Found : C, 84-5; H, 8-4. Calc. forC,,H,,N : 
C, 84-4; H, 85%). It has previously been obtained as a product of the catalytic hydrogen- 
ation of 9-ethylcarbazole (von Braun and Ritter, loc. cit.; Adkins and Coonradt, J. Amer. 
Chem. Soc., 1941, 68, 1563) and by the action of ethylaniline on 2-chlorocyclohexanone (D.R.-P., 
374,098; Chem. Zentr., 1923, iv, 724). A mixture of this substance (47 g.), ethanol (94 c.c.), 
concentrated hydrochloric acid (94 c.c.), and granulated tin (94 g.) was refluxed for 3 hr. and 
then filtered, and the ethanol distilled from the filtrate. After being made alkaline with 
aqueous sodium hydroxide, the volatile material was removed in steam, and the distillate 
acidified, and shaken with ether to remove unchanged 9-ethyltetrahydrocarbazole. The aqueous 
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solution was made alkaline, the product extracted with ether, and the extract dried (K,CO,) 
and fractionated. 9-Ethylhexahydrocarbazole was collected as a colourless oil (39 g.), b. p. 
146°/10 mm, (294°/753 mm.) (Found: C, 83-7; H, 9-6. Calc. for C,,H,N: C, 83-6; H, 
9-5%). One of the values given by von Braun and Ritter (/oc. cit.) for the b. p. of this substance 
(155—157°/8 mm.; 292—293°/749 mm.) is not in good agreement with the above. 

After the base had been refluxed for 15 min. with excess of methyl iodide and the volatile 
material removed, the methiodide was obtained from ethanol in colourless plates, m. p. 190° 
(decomp.) (fairly rapid heating) (Found: C, 52-9; H, 6-3. Calc. for C,,H;,NI: C, 52-5; H, 
6-4%). Much lower values for the m. p. of this methiodide were obtained on slow heating, and 
von Braun and Ritter (loc. cit.) give m. p. 174°. 

Pyrolysis of Methyl and Ethyl 1-Naphthylcarbamate.—When the former urethane (10 g.) was 
refluxed as described for methyl carbazole-9-carboxylate, the liquid (1-2 g.) which collected in 
the trap boiled completely at 66° and was shown to be methanol by conversion into its 3 : 5- 
dinitrobenzoate. Carbon dioxide was evolved during 3} hr., and a considerable amount of 
sublimate appeared in the reaction flask. After the latter had been crystallised from cyclo- 
hexanone, it melted at 286° and was shown to be NN’-di-l-naphthylurea (0-3 g.) by mixed m. p. 
with an authentic specimen, but no other pure substance could be isolated from the residue. 

The corresponding ethyl ester (10 g.), on pyrolysis under similar conditions, gave no 
ethylene, but carbon dioxide was evolved during 4 hr., and the whole of the liquid (1-5 g.) which 
collected in the trap boiled at 78° and was shown to be ethanol by conversion into its 3 : 5-di- 
nitrobenzoate. The only pure substance isolated from the residue was NN’-di-1-naphthylurea 
(0-25 g.), which sublimed as before. With neither urethane was it possible to detect the presence 
of 1-naphthyl isocyanate by extraction of the reaction mixture with petroleum (b. p. 80—100°). 
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798. The Chemistry of Boron. Part II.* A Method for the 
Preparation of Iodoborines. 


By L. H. Lone and D. DoLtimore. 


Tri-n-propylborine reacts with iodine above 140°. The main products 
are di-n-propyliodoborine of b. p. approx. 174° (slight disproportionation), 
plus n-propyl iodide, but there are small quantities of other products. A 
mechanism is postulated for the reaction, and the effect of disproportionation 
is discussed. Hydrolysis in the absence of air leads to di-n-propylborinic 
acid. 


HALOGEN derivatives of the boron aryls but not of the boron alkyls were known when 
Krause and von Grosse produced their comprehensive treatise on organometallic com- 
pounds (‘‘ Die Chemie der Metallorganischen Verbindungen,” Borntraeger, Berlin, 1937). 
Shortly afterwards, Wiberg and Ruschmann (Ber., 1937, 70, 1583) prepared methyl- 
dichloroborine, BMeCl,, and dimethylchloroborine, BMe,Cl, by the interaction of the 
appropriate boron halide and zinc alkyl, and commented that they are “‘ very unstable ”’ 
and disproportionate on fractional distillation im vacuo. 

Three further methods for preparing alkylhalogenoborines have been developed in 
unpublished work by Wiberg and his collaborators (cf. Goubeau, F.I.A.T. Review of 
German Science 1939—1946, Inorganic Chemistry, Part I, 1948, p. 215). 

The comparatively easy disproportionation has not prevented isolation and determin- 
ation of the more important physical properties of some of the methyl- and ethyl-halogeno- 
borines. Earlier reports of their instability thus appear to be somewhat exaggerated. 
In addition, Burg (J. Amer. Chem. Soc., 1940, 62, 2228) has prepared methyldifluoroborine, 
BMeF,, and dimethylfluoroborine, BMe,F, commenting that both compounds appear to 
be permanently stable at room temperature; it has proved possible to determine their 
structures by electron-diffraction experiments (Bauer and Hastings, ibid., 1942, 64, 2686). 


* Part I, J., 1951, 1608. 
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n-Butylbromoborines have been prepared by the action of bromine on tri-m-butylborine 
(Johnson, Snyder, and Van Campen, ibid., 1938, 60, 115), but bromination of the alkyl 
groups also occurs to some extent. The corresponding chloro-compounds have recently 
been prepared by Booth and Kraus (tbid., 1952, 74, 1415) from tri-n-butylborine and 
hydrogen chloride. 

It is in part by the use of the foregoing and related methods that analogous compounds 
of aluminium (see, e.g., Bahr, F.I.A.T. Review, of. cit., p. 155; von Grosse and Mavity, 
J. Org. Chem., 1940, 5, 106), silicon (Burkhard, Rochow, Booth, and Hartt, Chem. Reviews, 
1947, 41, 98), germanium (Johnson, 1did., 1951, 48, 259; Anderson, J. Amer. Chem. Soc., 
1951, 73, 5440; 1952, 74, 2370), and tin (Bahr, op. cit.) have also been prepared. 

In the present work the action of iodine on tri-n-propylborine has been investigated. 
In spite of statements that the alkylborines do not react with iodine (Johnson et al., loc. 
cit.; Frankland, Proc. Roy. Soc., 1862, 12, 123; Amnnalen, 1862, 124, 129), a slow reaction 
was found to occur above 140° leading to the replacement of alkyl radicals by iodine, and 
the production of di-n-propyliodoborine in fair yield. A similar reaction occurs with tetra- 
alkylsilanes (Eaborn, J., 1949, 2755). Tri-n-propylborine was chosen as the simplest 
alkyl of boron to possess a sufficiently high boiling point for reaction to be effected in the 
liquid phase; furthermore, halogen-substituted derivatives of borine containing the n- 
propyl radical were as yet unknown. 

In this reaction there was no evidence for the halogenation of the alkyl chains and no 
detectable quantity of hydrogen iodide was evolved, in contrast with the liberation of 
hydrogen bromide when bromine reacts with tri-m-butylborine (Johnson et al., loc. cit.). 
However, a trace of ethyl iodide (in addition to larger quantities of n-propyl iodide) was 
found among the products, as well as a combustible water-insoluble gas (apparently mainly 
propane) (Johnson e al. report the production of m-butane during the reaction between 
tri-n-butylborine and bromine). In addition, small amounts of carbon and boron were 
precipitated. 

It was found most convenient to heat pure tri-»-propylborine with iodine at the boiling 
point of the former (156°) in a system facilitating the continuous removal of the n-propyl 
iodide (b. p. 102°), thus preventing the temperature of the reactants from falling below 
that at which reaction occurs. The whole is carried out in an atmosphere of nitrogen to 
prevent oxidation of the tri-n-propylborine. After about 3 hr. the reaction is complete, 
and the di-n-propyliodoborine may be purified by fractional distillation. Because of the 
side reactions, the maximum yield is obtained with rather less than the theoretical quantity 
of iodine. Further replacement of alkyl radicals probably occurs with larger amounts 
of iodine, since a higher proportion of less volatile material is formed which has a higher 
vapour density and gives a more volatile product on chlorination (see following paper). 
The substitution of a second m-propyl] group by iodine is however very slow, and n-propyl- 
di-iodoborine was not isolated in the present work. Eaborn (loc. cit.) has noted a similar 
progressive increase in resistance to the replacement of successive alkyl groups of tetra- 
alkylsilanes by iodine. 

The method should be serviceable for the preparation of other iodoborines. To date, 
only one other alkyl iodoborine has been described, namely, dimethyliodoborine (Goubeau, 
loc. cit.). 

Di-n-propyliodoborine is a colourless liquid with a characteristic pungent odour and 
can apparently be kept indefinitely in the absence of air. The melting point is —87° 
(pentane thermometer) and the boiling point about 174° (corr.) but, since at elevated 
temperatures there is evidence of a slight disproportionation, a sharp value was not 
observed. The vapour pressure has been measured over a wide pressure range below 
atmospheric pressure. 

Agreement between the thermometer readings for the vapour and liquid indicated 
that disproportionation is negligible at temperatures below the boiling point. The latent 
heat of vaporisation is 10-03 kcal./mole and the Trouton constant is 22-4. The liquid 
density at 20° is 1-521 -- 0-002. Vapour-density measurements have established the 
monomeric formula. 

Di-n-propyliodoborine fumes in air, and is rapidly oxidised by it with the copious 
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liberation of iodine. It is also rapidly hydrolysed by water liberating hydriodic acid, 
which can be determined volumetrically: BPr®,I + H,O—» BPr,°OH + HI. The 
di-n-propylborinic acid produced can be titrated in a large volume of water (partial 
oxidation should not in theory affect the results) after addition of glycerol, and this pro- 
vided a convenient means of analysis, although it was found better to oxidise the boron 
to boric acid and determine this. Hydrolysis of di-n-propyliodoborine in the presence of 
atmospheric oxygen eventually leads to n-propylboronic acid, BPr®(OH)., a rather volatile 
yellowish-white solid (cf. Krause and Nitsche, Ber., 1921, 54, 2784). No attempts were 
made to purify the liquid di-n-propylborinic acid, which presumably behaves like its 
n-butyl analogue (Johnson eé¢ al., loc. cit.) and readily splits off water to form the anhydride. 

It remains to suggest a reaction mechanism whereby the formation of the iodoborine 
can be satisfactorily accounted for. When the trialkylborine is approached by an iodine 
molecule, the tendency for the attacking molecule to donate an electron pair to the boron 
atom would result in an increase in electron density on the iodine atom nearest to the boron 
atom. If now the approach is broadside the corresponding decrease in electron density 
round the second iodine atom will further an accumulation of negative charge on the carbon 
atom nearest to the second iodine atom, thus favouring a “ switch” of electron pairing : 


.) 
CH,R’ CH,R’ CHR’ 
* a . ee NBR oF . . poe 
— xR — Pp —> 
I—I + x NI 3. R on 
R 6 


The production of a small quantity of propane is however evidence that free alkyl radicals 
are occasionally produced, so that the foregoing mechanism may not provide the complete 
picture. The introduction of the electronegative iodine atom would tend to discourage 
further dealkylation by a mechanism of this type. Hence the slow formation of a di- 
iodoborine possibly arises through disproportionation of the monoiodoborine first formed. 
Whether, however, such a disproportionation is truly homolytic or involves heterolytic 
steps such as 
R,BI + IBR, === R,BI,- + BR,+ === RBI, + BR, 


has still to be established. The difficulty experienced in attempting to purify di-n-propyl- 
iodoborine by fractional distillation is evidence that the disproportionation plays a definite 
role in further dealkylation, even if not an exclusive one. The rate of disproportionation 
is however sufficiently slow, even at the boiling point, to enable a reasonably pure specimen 
of the compound to be obtained by fractionation at atmospheric pressure. 


EXPERIMENTAL 


Preparation of Tri-n-propylborine.—The method was slightly modified from that described 
by Krause and Nitsche (loc. cit.). Instead of passing gaseous boron trifluoride into the Grignard 
reagent prepared from n-propyl chloride, the equivalent amount of boron trifluoride-ether 
complex was run in slowly with stirring under nitrogen. This modification, which has been 
formerly applied in preparing other alkylborines (Brown, J. Amer. Chem. Soc., 1945, 67, 374), gave 
as good a yield (50—60%) while considerably simplifying the procedure. Attempts to improve 
the yield by carrying out the subsequent distillation under reduced pressure failed. When 
the rather slow distillation of the tri-n-propylborine from the solid matter remaining after the 
reaction was avoided altogether by destroying the excess of Grignard reagent with water and 
extracting the required product with ether, the amount of higher-boiling material (boiling 
range 162—190°) was larger and the yield of tri-n-propylborine lower (35—45%). The fraction 
boiling at 150—162° was collected and refractionated. The pure compound boils at 156°. 

Reaction between Tri-n-propylborine and Iodine.—In a typical experiment, pure tri-n-propyl- 
borine (50 g.) was heated with iodine (77 g., 85%) in a Kon flask (nitrogen atmosphere) at 155— 
165° (oil-bath). m-Propyl iodide produced, together with any other lower-boiling products, 
distilled off as formed through the fractionating arm of the flask. Heating was continued until 


[1953] The Chemistry of Boron. Part II. 3905 


the colour of the iodine disappeared. The liquid product was then distilled over from the solid 
residue and refractionated through a Vigreux column in an atmosphere of nitrogen. The main 
fraction came over at 162—184°, the yield of crude material being 55 g. (69%). Two refrac- 
tionations, the last through a column filled with Fenske single-turn glass helices, gave di-n- 
propyliodoborine, b. p. 172—176° (corr.). Further refractionations did not yield a sharper 
boiling point, but provided evidence of a slight but progressive disproportionation on heating. 

The distillate collected during the reaction was boron-free and was shown to consist of a 
mixture of n-propyl and ethyl iodides by means of the picrates of the $-naphthyl ethers. In 
the experiment quoted, this distillate on refractionation yielded 4 g. of material boiling at 68— 

7° and 25 g. boiling at 87—104°. 
A few g. of gas were evolved during the reaction and condensed in a liquid-oxygen trap 
(—183°) to a colourless liquid. The gas was capable of burning with a luminous flame. It 
was insoluble in water and shown to be free from hydrogen iodide. The vapour pressure lay 
close to that for propane (e.g., 378 mm. at —60°; propane 358 mm.; propylene 408 mm.). 
The optimum conditions required 85% of the theoretical quantity of iodine. Larger pro- 
portions required prolonged heating and resulted in a diminished yield with more material 
boiling above 184°. 
Analysis.—Ampoules containing about 0-5 g. each of di-n-propyliodoborine were sealed 
off in vacuo. A mark was scored round the centre of each ampoule before weighing. The 
ampoule was then cracked at the line (hot glass) and opened under water. Hydrolysis 
was rapid but not uncontrollably violent. The fragments of the ampoule were weighed, to 
give by difference the weight of substance taken. The hydrogen iodide was estimated by (i) 
titration with sodium hydroxide, (ii) Volhard’s method, and (iii) gravimetrically as silver iodide. 
Boron was estimated by oxidation with nitric acid to boric acid, followed by distillation as 
trimethyl borate after the addition of excess of methyl alcohol; the trimethyl borate was 
hydrolysed, any mineral acid present just neutralised to methyl-red, and the boric acid then 
titrated to phenolphthalein with sodium hydroxide in the presence of excess of glycerol. 
Similar but less reliable results were obtained by direct titration of the di-n-propylborinic acid 
formed in the presence of excess of glycerol after the neutralisation of the hydrogen iodide; 
the end-point (phenolphthalein) was however less satisfactory. Presumably the complex of 
glycerol and the dialkylborinic acid is a weaker acid than that with boric acid. The following 
results were obtained: Found: I (by NaOH), 57-53, 56-92, 56-87; (Volhard), 56-94 ,56-61, 57-36; 
(as Agl), 57-89, 57-93; B (as H,BO,), 4-81, 4-84, 4-78; (as BPr®,°OH), 4-27, 4-54, 4.63% (C,H,,IB 
requires I, 56-68; B, 4:83%). 
Physical Properties of Di-n-propyliodoborine.— Vapour pressure. The corrected temperatures 
of distillation in an atmosphere of nitrogen at a series of progressively decreasing pressures 
were observed, one series with the bulb of the thermometer immersed in the vapour and the 
other with it in the liquid, care being taken to avoid superheating. The two series agreed 
closely and exhibited no systematic deviation that might have been attributed to dispro- 
portionation. The points are well represented by the vapour-pressure equation: log pum. = 
—2191/T +- 7-7791. This provides the extrapolated b. p. 174°. 
Melting point. Small samples were distilled in vacuo into capillary tubes and the melting 
temperatures observed while these were immersed in a cooling bath in an unsilvered Dewar 
flask. The temperature of melting was noted in each case by means of a pentane thermometer. 
The values observed were: —89° to —87°, —88° to —87°, —88° to —86°. From these, the 
m. p. may be taken as —87°. The absolute accuracy of the pentane thermometer readings is 
probably not better than +2°. 
Liquid density. ‘Two methods were used. In the first (method A) a small specific-gravity 
_ bottle of known volume was filled and weighed. For method B a number of bulbs of about 
3-ml. capacity were blown on the ends of short pieces of capillary tubing sealed on to ordinary 
quill tubing. These were attached to a high-vacuum apparatus and the bulbs completely 
filled with the compound by distillation in vacuo. The bulbs were sealed off and weighed. 
After the position of the meniscus in the capillary at 20° had been marked, the neck of each 
bulb above the capillary was severed, and the two pieces of glass weighed empty and with the 
bulb filled up with water to the mark. In calculating the liquid density, buoyancy corrections 
were applied to the weighings. The values obtained at 20° were: (method A) 1-5193, 1-5235; 
(method B) 1-5169, 1-5235, 1-5206, 1-5235. The mean value is 1-521 + 0-002 at 20°. 

Vapour density. The compound has too low a volatility and reacts too readily with vacuum 
grease for the vapour density to be determined by the usual vacuum-technique. Since it also 
reacts with air, Dumas’s method was adopted, the bulbs being previously filled with nitrogen. 
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Experiments with samples of di-n-propyliodoborine of various boiling ranges between 169° 
and 180° showed a general tendency for vapour density to inerease with boiling range : 


Boiling range ...........- 169—170° 169-—-170° 170—172° 170-—-172° 172—173-5° 172—173-5° 
OE ok a a 229-6 232°8 240-4 231-2 231-6 250-8 
Deviation (°%) from that 

required for BPr,I ... +2°5 +4-0 +7-5 +3-3 +3-4 +12-0 
Boiling range ............ 173-5—174° 173-5—174° 173-5—174° 174—176° 176—180° 
oo ae a, ee ee 252-2 234-8 255-2 240-4 271-4 
Deviation (°%) from that 

required for BPr,I ... 4+-12-6 +4-9 -+14-0 +7°4 +21-2 


Although the results from this method will be a few units % high, they nevertheless suggest 
that a little of the di-iodo-compound may be present in the highest-boiling fraction. The 
results for the fractions boiling between 172° and 176° indicate that the vapour is monomeric. 

Chemical Properties of Di-n-propyliodoborine.—In contact with the air, the borine fumes 
and is rapidly oxidised (liberation of iodine). Although heat is evolved, the compound does 
not inflame spontaneously at room temperature. In contact with water, di-n-propyliodo- 
borine is rapidly hydrolysed. In the absence of air and with a limited quantity of water, di- 
n-propylborinic acid; BPr®,°OH, is readily isolated as a colourless oil which is less dense than 
water and only slightly soluble in it. On exposure to air, further rapid conversion into a 
yellowish-white solid, n-propylboronic acid, BPr®(OH),, occurs. The latter compound has a 
characteristic smell and is very soluble in hot water but much less so in cold. After recrystal- 
lisation it melted at 107° [Krause and Nitsche, loc. cit., report m. p. 107° (uncorr.)] 
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799. The Chemistry of Boron. Part III.*  Halogen-exchange 
Reactions of Halogenoborines. 


By D. DoLiimore and L. H. Lona. 


The iodine of di-n-propyliodoborine is smoothly replaced by bromine or 
chlorine when the borine is heated with the corresponding antimony tri- 
halide. The products are di-n-propyl-bromoborine and _ -chloroborine. 
Attempts to prepare the corresponding monofluoroborine by the use of 
antimony trifluoride, plumbous fluoride, and argentous fluoride failed: where 
reaction occurred, unexpected modes of decomposition were observed. 


THE preparation of alkylhalogenoborines by reactions involving halogen-exchange with 
purely inorganic halides has apparently not been undertaken hitherto, although such 
methods succeeded with, ¢.g., halogenated silanes (Emeléus and Wilkins, /., 1944, 454), 
germanes (Anderson, ]. Amer. Chem. Soc., 1951, 73, 5439), and arsines (Long, Emeléus, 
and Briscoe, /., 1946, 1123). In the case of the trialkylmonohalogenosilanes, Eaborn 
(J., 1950, 3077) proposed a “ conversion series,” according to which any member of the 
series may be converted into any other member on its right but not on its left. Thus iodides 
may be converted into bromides or chlorides (but not chlorides into bromides or iodides) by 
treatment with the appropriate silver salt. Strictly speaking, such a ‘‘ conversion series ”’ 
established with respect to the salts of one metal would not necessarily be expected to be 
the same with respect to the salts of another, as there will be a difference in the energetic 
factors involved (cf. Long, Quart. Reviews, 1953, 7, 134). Thus it is not surprising to 
find that aluminium halides largely reverse the foregoing “ conversion series ”’ and cause 
the fluorine of trialkylfluorosilanes to be replaced by other halogens (Eaborn, J., 1953, 494). 

In the present work, attempts were first made to effect halogen-substitution in di-n- 


* Part II, preceding paper. 
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propyliodoborine (see Part II *) by the use of antimony trihalides in excess. The reaction 
succeeded in the case of antimony tribromide and trichloride, being complete within about 
2 hours at 100° and giving di-n-propyl-bromoborine and -chloroborine respectively in good 
vield. 
’ 3BPr,I + SbX,; —» 3BPr9,X + SbI, (X = Cl or Br) 

With antimony trifluoride, surprisingly, reaction occurred much less readily and 
followed a different course without going to completion. Di-x-propylfluoroborine was 
not obtained, and the only volatile reaction product which could be identified (along with 
unchanged di-n-propyliodoborine) was tri-z-propylborine. No fluorine could be detected 
among the volatile products, so that it appears that if di-n-propylfluoroborine is initially 
formed it immediately disproportionates to form tri-m-propylborine and boron trifluoride, 
the latter being held back either in the form of a non-volatile co-ordination compound 
with the antimony or as a fluoroborate of antimony. The amount of volatile material 
recovered at the end of the reaction supports this suggestion. Thus in spite of the suc- 
cessful use of antimony trifluoride to prepare fluorosilanes by simple halogen-exchange 
(Emeléus and Wilkins, Joc. cit.; Booth and Carnell, J. Amer. Chem. Soc., 1946, 68, 2650; 
Booth and Halbedel, tbid., p. 2652), it is not suitable for the preparation of fluoroborines. 

The actions of lead fluoride (a milder fluorinating agent) and silver fluoride (a more 
vigorous fluorinating agent) were also studied. Although the former did not react, with 
silver fluoride an exothermic reaction went to completion at room temperature. How- 
ever, in spite of the fact that the experiment was designed to minimise decomposition, 
no di-n-propylfluoroborine could be detected in the products. The reaction proved to be 
surprisingly complex, as boron trifluoride, hydrogen iodide, n-propyl fluoride, ethyl] iodide, 
n-propyl iodide, and tri--propylborine were all identified among the volatile products. 
It follows that fission of boron-carbon and even carbon-carbon bonds is involved. Even 
though boron trifluoride has long been known to catalyse the cracking of hydrocarbons 
at comparatively low temperatures, the degradation of such a large proportion of the 
original di-n-propyliodoborine in this way is difficult to account for. Here, in contrast 
to the reaction with antimony trifluoride, fluorine (the larger part in the form of boron 
trifluoride) is found among the volatile products of reaction, while the residue—which 
had only been gently heated during the low-pressure distillation of the volatile products— 
failed to give a positive test for boron. It thus appears that silver fluoroborate, which is 
now known to be stable and decomposes rapidly only at 200° (Sharpe, J., 1952, 4538), is 
not formed. 

Di-n-propyl-bromoborine and -chloroborine are colourless liquids of melting points 
—94° (pentane thermometer) and <—125°, and boiling points 145° and 127° respecti\ ely. 
The boiling points, particularly that of the chloro-compound, were sharper than for the 
iodo-compound (Part II), so that the tendency to disproportionation during distillation 
is presumably less. The vapour pressures have been measured over a wide range below 
atmospheric pressure. The latent heats of vaporisation derived from the Clausius—Clapeyron 
relation are 9-70 and 9-41 kcal./mole respectively, corresponding to 23-2 and 23-5 for the 
values of the Trouton constant. These values are slightly higher than for the corresponding 
methyl and ethyl compounds (Goubeau, F.I.A.T. Review of German Science 1939—1946, 
Inorganic Chemistry, Part I, 1948, p. 215). However, it would be overhasty to ascribe 
this to slight association in the liquid state (as Goubeau does for the ethyl compounds), 
since the boiling points of compounds R,BX are all below those of the corresponding 
compounds R,CHX. Furthermore, the Trouton constant for tri-n-propylborine, which 
is generally believed to be non-associated, is similar to those for the di-n-propylhalogeno- 
borines: its value, calculated from the vapour-pressure data of Krause and Nitsche 
(Ber., 1921, 54, 2784) is 23-5. The progressive increase in the Trouton constant observed 
on passing from the methy] through the ethyl to the n-propyl compounds requires explain- 
ing. Vapour-density measurements have established the monomeric formule for both 
di-n-propyl-bromoborine and -chloroborine, while the liquid densities are 1-095 + 0-005 
and 0-848 -+ 0-003 respectively. 

Di-n-propyl-bromoborine and -chloroborine resemble the corresponding iodo-com- 
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pound (see Part II). The chloro-compound is, however, spontaneously inflammable, 
igniting more readily even than tri-v-propylborine. The ease of self-ignition is not entirely 
a question of relative volatility, since the bromo- (though not the iodo-)compound is also 
more volatile than tri-n-propylborine, but does not ignite spontaneously. Rather, the 
slight general reduction in reactivity on passing from the chloro- to the bromo- and the 
iodo-compound is probably largely to be associated with a more pronounced steric factor 
which noticeably restricts the reactivity. 

The boiling points of the known dialkylhalogenoborines are compared in the accom- 
panying Table. The value for dimethylfluoroborine has been taken from Burg (J. Amer. 
Chem. Soc., 1940, 62, 2228), those for the remaining dimethyl- and diethyl-halogenoborines 
from Goubeau (loc. cit.), those for the di-n-propylhalogenoborines from the present work 
and Part II of this series, and that for di-n-butylchloroborine from Booth and Kraus (/. 
Amer. Chem. Soc., 1952, 74, 1415). 


Botling points of dialkylhalogenoborines. 


R BR,F BR,Cl BR, Br BR,! 
© UDR ipa oh ete Segond —42° 5° 31° 69° 
EH i. ciaineibcatsaniia eid uhasaelcained siebass ~~ 79 101 ~~ 
Pee a. aeRO - 127 145 174 
 vcahieibaisoiieslaheMie vase dat acsia ~~ 173 — — 


The Table shows the general gradation expected, but the increment in boiling point 
per CH, is everywhere larger than for the corresponding alkyl halides CHR,X. In addition, 
the increment in boiling point on substitution of one halogen for another tends to be larger. 
For example, the difference between the boiling points of BMe,Br and BMe,lI is 38° com- 
pared with 30° for CHMe,Br and CHMe,I. Further, the boiling points do not everywhere 
exhibit a strict proportionality. For example, the values predicted for the di-n-propyl- 
halogenoborines on a basis of strict proportionality from the values for the boron halides 
on the one hand and tri-n-propylborine on the other are 108°, 134°, and 174° for the chloro-, 
bromo-, and iodo-compounds respectively. However, only the iodo-compound has the 
predicted boiling point. The methylchlorosilanes (Gilliam, Liebhafsky, and Winslow, 
J. Amer. Chem. Soc., 1941, 63, 801) exhibit a similar irregularity. 


EXPERIMENTAL 

Di-n-propyliodoborine was prepared as described in Part II. In general, material with the 
boiling range 168—180° was used. 

Reactions of Di-n-propyliodoborine.—With antimony tribromide. Preliminary experiments 
indicated that halogen-exchange occurred with the separation of the dark-red antimony tri- 
iodide. In order to ensure complete reaction, the antimony tribromide was used in approx. 
20% excess. Thus 53 g. of the anhydrous compound were placed in a nitrogen-filled Kon 
flask and 82 g. of di-n-propylmonoiodoborine allowed to run in. No noticeable amount of 
heat was liberated in the cold, but the reaction appeared to take place rapidly at 100°. This 
temperature was maintained in a water-bath for 2} hours, during which time nothing condensed 
in a liquid-oxygen trap attached to the system. The water-bath was replaced by an oil-bath 
and the liquid product (50 g.) distilled over. On refractionation through a column packed with 
Fenske single-turn glass helices it was observed to distil mostly in the range 126—148°. Further 
fractionations yielded 20 g. of a material boiling at 143—146° (corr.) which was shown (see below) 
by analysis to be practically pure di-n-propylbromoborine. 

With antimony trichloride. In this case an exothermic reaction was observed to commence 
in the cold. The same technique with a 20% excess of antimony trihalide was employed as 
in the preceding experiment. Again nothing was observed to condense in the liquid-oxygen 
trap. From 36 g. of antimony trichloride and 84 g. of di-n-propyl monoiodoborine 36 g. of 
distillate were obtained. On refractionation, most of this distilled in the range 94—129°. 
After a number of fractionations 10 g. of a liquid boiling at 127° and giving correct analytical 
data (see below) for di-n-propylchloroborine were obtained. 

With antimony trifluoride. Again a certain amount of heat was liberated in the cold, but 
in this case, in spite of maintaining the starting material for 2} hr. at 100° with a 20% excess 
of antimony fluoride, unchanged di-n-propyliodoborine was found among the products. A 
little unidentified volatile material (liquid at —40°) collected in the liquid-oxygen trap. This 
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contained boron and iodine but no fluorine. The main volatile product from 16 g. of antimony 
trifluoride and 50 g. of di-n-propyliodoborine was 22 g. ofa distillate obtained with the subsequent 
use of an oil-bath. The distillate boiled mostly in the range 161—167° and had the properties 
of a mixture of tri-n-propylborine and unchanged di-n-propyliodoborine. It was fluorine- 
free while the liquid density was 0-924, i.e., intermediate between the values for the two com- 
pounds (0-72 and 1-521 respectively). 

With lead fluoride. Di-n-propyliodoborine (25 g.) was treated with plumbous fluoride 
(16-5 g.) under the same conditions as above. There were no indications of reaction and 18 g. 
of di-n-propylmonoiodoborine (b. p. 168—178°) were subsequently distilled off unchanged. The 
distillate gave a negative test for fluorine. 

With silver fluoride. Argentous fluoride was prepared by dissolving freshly precipitated, 
washed silver carbonate in the minimum quantity of aqueous hydrogen fluoride and evaporation 
to dryness in a platinum dish. 

Preliminary tests showed that silver fluoride reacts immediately with di-n-propyliodoborine 
in the cold, but that no di-n-propylfluoroborine was obtained by subsequent distillation at 
atmospheric pressure. The experiment was therefore repeated with a modified technique 
designed to keep the temperature as low as possible. 

Di-n-propyliodoborine (23 g.) was added slowly during 1} hr. to silver fluoride (20 g., 50% 
excess) in a Kon flask filled with nitrogen. The exothermic reaction was moderated by cooling 
with water. After 48 hr. at room temperature during which gaseous material condensed in 
the liquid-oxygen trap, the pressure was reduced to 25 mm.; more gaseous material was then 
evolved. The last of the volatile material was distilled over by gentle warming in a water- 
bath. About 1 g. of liquid distillate was collected, the material in the liquid-oxygen trap 
amounting to about 7 ml. (in the liquid state), The only other volatile product was a small 
quantity of a white solid which collected in the condenser and became yellowish in air. This 
behaved as n-propylboronic acid, and had apparently been formed through the presence of 
traces of moisture and oxygen. Its m. p. was 109° [Krause and Nitsche, Joc. cit., report m. p. 
107° (uncorr.)}. 

The solid remaining in the reaction flask contained fluorine and iodine but no boron. The 
liquid distillate was fluorine-free but contained boron and non-ionisable iodine. Decomposition 
with nitric acid was necessary to reveal the presence of iodine. On fractional distillation 
n-propyl iodide, b. p. 104°, was isolated; a less volatile portion was shown to be tri- 
n-propylborine. 

The contents of the liquid-oxygen trap were fractionated in high-vacuum apparatus into 
two portions (nearly equal in volume), one volatile and the other involatile at —50°. The latter 
was liquid at atmospheric pressure and on fractionation in nitrogen boiled at 72—160°; the 
first portion was identified as ethyl iodide (b. p. 72°) by its vapour density (Found: 78-7. 
Calc. for C,H,I: 77-99) and content of non-ionisable iodine (decomposition with nitric acid) ; 
the less volatile material yielded only tri-n-propylborine and n-propyl iodide. 

The fraction volatile at —50° (ca. 3 ml.) was liquid at —78° and contained boron, fluorine, 
and iodine. It was pink in colour, apparently through iodine. It was almost entirely volatile 
at —100° im vacuo. It was again divided into two roughly equal fractions by fractional con- 
densation at —130° in a high-vacuum apparatus. The fraction involatile at —130° attained 
a vapour pressure of 1 atm. at approximately — 5°, close to the boiling point of n-propyl fluoride 
(—3°) and was mostly insoluble in water, burning with a luminous green flame. That it con- 
sisted mainly of n-propyl fluoride is further confirmed by vapour-density measurements 
(Found: 31-5, 31-4, 31-2. Calc. for C,H,F: 31-03). The fraction which did not condense at 
— 130° attained a vapour pressure of 1 atm. at about —50° and had the properties of a mixture 
of boron trifluoride and hydrogen iodide plus a little n-propyl fluoride. A number of vapour- 
density determinations were carried out on samples of material in this fraction. Each sample 
was subsequently dissolved as far as possible in water, the volume of gas not dissolving being 
measured. The aqueous solution was analysed for iodine (silver iodide) and fluorine (Ryss’s 
method, Zavodskaya Lab., 1946, 12,651). Inthis way the contents of n-propyl fluoride, hydrogen. 
iodide, and boron trifluoride were calculated from each sample (see Table). The agreement 
between the calculated and the observed vapour densities indicates absence of other components. 


C,;H,F HI BF, Total Vapour density calc. Vapour 
Sample (wt.%) (wt.% (wt.%) (%) from composition density (obs.) 
1 6-02 8-21 87-18 101-41 35-05 34-99 
2 9-22 22-81 70-21 102-24 37°53 37-78 


3 13-43 40-00 48-34 101-77 40-98 41-20 


3910 The Chemistry of Boron. Part III. 


Analysis of Di-n-propylbromoborine.—Samples were treated as in the analysis of di-n-propyl- 
iodoborine (see Part II). The hydrogen bromide liberated was titrated with sodium hydroxide, 
and the boron was estimated as boric acid in the presence of excess of glycerol after oxidation 
with nitric acid followed by distillation as trimethyl borate and subsequent hydrolysis. The 
results were: Found: Br, 45-7, 45-8, 45-1; B, 6-03, 6:11, 6-10% (C,H,,BrB requires Br, 45-2; 
B, 612%). The foregoing figures refer to the main fraction boiling at 143—146°. A more 
volatile fraction (b. p. 126—139°) gave on analysis: Br, 60-7, 60-7, 61-2%; this suggests that 
it contained n-propyldibromoborine. 

Analysis of Di-n-propylchloroborine.—Similar analysis, except that the chloride was also 
estimated gravimetrically as silver chloride, gave: Found: Cl (by NaOH), 26-4, 26-4; (as 
AgCl) 26-3, 26-4; B, 8-07, 7-99, 8-14, 7:99% (C,H,,CIB requires Cl, 26-8; B, 8-17%). The 
foregoing figures refer to the liquid boiling at 127°. A more volatile fraction (boiling at 94— 
115°) contained 46-7% of chlorine, so that n-propyldichloroborine was presumably present in 
this fraction. 

Physical Properties —Except where otherwise stated, the methods used were those described 
in Part IT. 

Vapour pressure. Pressure-temperature readings over a wide pressure range were recorded 
for the liquid and vapour of each compound while undergoing distillation in a nitrogen atmosphere. 
No deviationary trends were observed which pointed to disproportionation. The readings 
are well represented by the equations: (for BPr®,Br) log Pum = — 2120/T + 7-9549; (for 
BPr",Cl) log Pam. = — 2056/T + 8-0146. These correspond to b. p. 145° and 127° respectively. 

Melting point. The values observed for the bromo-compound were (pentane thermo- 
meter): —96° to —95°, —94° to —92°, —95° to — 94°, —95° to —94°. From these the m. p. 
may be taken as —94° with an absolute accuracy not better than +2°. Them. p. of the chloro- 
compound was too low to be measured conveniently. Although solid at the temperature of 
liquid oxygen (—183°), the compound liquefies not very far above that temperature, and was 
observed to melt immediately in a bath at —125°. 

Liquid density. The second of the two methods used for di-n-propyliodoborine was adopted. 
The values obtained for the bromo-compound after correction for buoyancy were 1-098, 1-090, 
1-102, 1-092 (mean 1-095 + 0-005); and for the chloro-compound 0-852, 0-844, 0-847 (mean 
0-848 + 0-003), both at 20°. 

Vapour density. The following values were obtained by Dumas’s method for the molecular 
weight of the bromo-compound (bulbs previously filled with nitrogen) : 


Per MCKIE | aconsasakoshsswcaoxet iactabraswes uh oecanecdeatncaxtee 195-0 200-0 187-7 194-9 
Deviation (%) from that required for BPr,Br ............. +10-2 +13-1 +61 +10-2 


Since this method gives results a few units % high, the values indicate a monomeric vapour. 
In the case of the chloro-compound the ordinary Dumas technique broke down because of the 
extreme inflammability of the vapour and the attendant difficulty of sealing off the bulbs. It 
was, however, feasible to substitute the conventional type of Dumas bulb by a glass globe fitted 
with a glass tap lubricated with silicone vacuum-grease, which was found to withstand a tem- 
perature of 160° without difficulty. The following results were obtained : 


MEIN NES ost carcavicupek uses cal den ecbebusds denuss ce tes vepuinece 142-0 139-0 14: 
Deviation (%) from that required for BPr,Cl ............ +7-2 +5-0 + 


15 


“6 
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Again the results are those to be expected for the monomeric compound. 

Chemical Properties ——The chloro-compound was observed to ignite spontaneously in air, 
while the bromo-compound merely fumed at room temperature. Like the iodo-compound 
(Part II), both are immediately hydrolysed, the relative vigour with which they attack water 
appearing to be: BPr®,Cl>BPr®,Br>BPr*,I. The first product in each case is a liquid less 
dense than water, but in an oxidising atmosphere »-propylboronic acid is obtained (cf. Krause 
and Nitsche, Joc. cit.). The products from the bromo- and the chloro-compound both had 
m. p. 109°. 
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800. The Pyrogenesis of Ketones. Part I. The Formation of 
the Dipropyl Ketones. 


By W. A. O'NEILL and R. I. REED. 


Pyrolysis of sodium isobutyrate yields, in addition to the expected diiso- 
propyl ketone, substantial quantities of n-propyl isopropyl and of di-n-propyl 
ketones, but pyrolysis of sodium m-butyrate and tsovalerate does not give 
rise to rearranged ketonic products. It is considered that the rearranged 
products are the consequence of an isomeric change in the free isopropyl 
radical which is put forward as an intermediate in the reaction. 


FoRMATION of diisopropyl ketone, together with some tsobutyraldehyde, was reported by 
Popoff (Ber., 1873, 6, 1255) amongst the products of the pyrolysis of calcium tsobutyrate, 
although neither the yields nor the experimental conditions were recorded. By passing 
the vapours of the various fatty acids over heated manganous oxide, at 400—500°, Sabatier 
and Mailhe (Compt. rend., 1914, 158, 832) obtained the corresponding ketones in excellent 
yield they reported the formation of ditsopropyl and di-n-propyl ketone from isobutyric 
and -butyric acids respectively, but not the formation of rearranged products in either 
case. Cook, Miller, and Whitmore (J. Amer. Chem. Soc., 1950, 72, 2738), however, reported 
the formation of a small quantity of -propyl isopropyl ketone in addition to diisopropyl 
ketone on passage of tsobutyric acid vapour over heated thoria; they also reported the 
formation of 7sobuty] fert.-butyl ketone, together with smaller quantities of ¢ert.-butyl ethyl 
and /ert.-butyl methyl ketones, on pyrolysis of pivalic acid over this catalyst. The tso- 
butyl fert.-butyl ketone was assumed to be formed by the occurrence of an abnormal type 
of Claisen condensation. 

Evidence in favour of the isomerisation of the n-propyl to the tsopropyl group has been 
claimed in several thermally promoted reactions. £.g., n-propyl bromide vapour was 
converted into zsopropyl bromide to the extent of 23° in 1 hour at 262° (Eltekoff, Ber., 
1873, 6, 1258; 1875, 8, 1244; Michael and Leupold, Annalen, 1911, 379, 263) ; the reverse 
change occurred more slowly. On photochemical decomposition of dissopropyl ketone and 
trapping, by mercury, of the radicals so formed (Glazebrook and Pearson, J., 1936, 1777), 
the product was di-n-propylmercury, and not dissopropylmercury; it was concluded that 
the isopropyl radical rearranged on combination with the mercury, and that the reverse 
reaction did not occur appreciably. Glazebrook and Pearson suggested that, since the a- 
carbon in the n-propy] radical is less negative than the «-carbon in the tsopropy] radical, the 
isomerisation which occurs on combination with an electropositive element, 7.e., with an 
element such as a metal which would tend to donate an electron to the free radical, would 
be in the direction, isopropyl to n-propyl. Conversely, the combination of the n-propyl 
radical with an electronegative element (a halogen) which would tend to accept an 
electron from the free radical would favour the formation of tsopropyl derivatives as 
reported by Eltekoff. 

Electrolysis of potassium n- and tso-butyrate (Hamonet, Compt. rend., 1898, 123, 252) 
gaverise, in addition to propylene, which was the only hydrocarbon detected, to nearly equal 
proportions of ¢sopropyl alcohol and the isopropyl ester of the appropriate acid. 

These observations may be interpreted as follows : 


R-CO,- ——» R: + CO, + 


which, when R = Pr®, is followed by the isomeric change Pr» —» Pr‘. On the assumption 
that the alcohol and the esters are formed by the direct attack of the free alkyl radicals on 
the oxygen atom with which they ultimately combine, oxygen, being an electronegative 
atom, should, according to Glazebrook and Pearson, favour the formation of isopropyl 
derivatives, in accordance with observation. 

It has been found in the present investigation that, whereas the pyrolysis of sodium 
isovalerate and n-butyrate yielded almost exclusively the expected ketonic products, similar 
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decomposition of sodium isobutyrate yielded a mixture of all three dipropyl ketones, in 
proportions dependent on the temperature (see Table). 


Ketone formed as a percentage of : CoPrs, COPr®Pri COPri, 
Temp (a) initial salt (6) sodium carbonate formed (°% of total ketone) 
Na isobutyrate. 
380 2 100 43-1 43-7 13-2 
420 15 100 45-9 41-9 12-2 
460 29 35 54-2 34-3 11-5 
500 80 13-3 66:5 25-8 7:9 
540 98 8-0 71:8 22:9 5:3 
Na n-butyrate. 
440 20-2 57-7 98 — -- 
Na tsovalerate. ; 
440 14-4 30-2 +€93% COBui, 


As a consequence of isotopic tracer studies on the pyrolytic formation of acetaldehyde, 
Bell and Reed (J., 1952, 1383) have suggested that this reaction proceeds by means of 
free alkyl radicals, formed thus : 


R-CO,M —» R: + -CO,M 


and that ketone formation, which always accompanies aldehyde formation, occurred as 
follows : 
R: + R:CO,.M —-» R,CO + ‘OM 
OM: + R:CO,M —+ M,CO, +-R 
Termination : 2R- ——_» R, or R’ + R”,, etc. 


This mechanism, with the additional postulate of the rearrangement Pr’: —» Pr*, 
adequately accounts for the presence of m-propyl isopropyl ketone in the mixture, in 
addition to the ditsopropyl ketone. 

The evidence obtained from extensive studies of heterolytic reactions (Hughes, Trans. 
Faraday Soc., 1941, 37, 601; Hughes and Ingold, tbid., p. 657; Williams, tbtd., p. 749) 
supports the view that carbon atoms contained in aliphatic systems frequently become 
positively charged to some degree. Thus, carbon may be considered as an electropositive 
atom, #.e., it has a tendency to donate its electrons and, by analogy with the mercury atom, 
is expected to favour the change Pr'—+ Pr® which is in agreement with experiment. 
The rearrangement observed by Cook, Miller, and Whitmore (/oc. cit.) can be interpreted 
in the same way, and the formation of tsobutyl ¢ert.-butyl ketone by decomposition of 
pivalic acid by assuming a change Me,C* —» Me,CH:CH,:. 

The mechanisms proposed for reactions of this type have been re-examined by Lee and 
Spinks (Canad. ]. Chem., 1953, 31, 103) in the light of an isotopic investigation into the form- 
ation of mixed ketones by pyrolysis of mixed calcium salts. The radical rearrangement 
proposed above has also been criticised on the grounds that established rearrangements 
involving free radicals (Urry and Kharasch, ]. Amer. Chem. Soc., 1944, 66, 1438; Winstein 
and Seubold, zbid., 1947, 69, 2916) indicate that the primary radicals tend to rearrange to 
the tertiary state. However, the environment may, in accordance with the general argu- 
ment discussed earlier, favour this isomerisqtion. Moreover, Lee and Spinks concluded 
that the radical mechanism cannot be accepted as the sole mechanism, and accordingly 
have proposed a heterolytic process involving the initial formation of an acyl ion R°C*:O, 

That a second mechanism is operative is clearly supported by Ardagh, Barbour, Mc- 
Clellan, and McBride’s finding (Ind. Eng. Chem., 1924, 16, 1133), in the pyrolysis of calcium 
acetate, of traces of acetone at reaction temperatures as low as 160°. However, for the 
sodium salts used in our experiments, the radical mechanism is preferred. The heterolytic 
process does not seem well adapted to explain the formation of sodium oxalate instead of 
sodium carbonate in the pyrolysis of sodium formate (Merz and Weith, Ber., 1882, 15, 
1507), or the preliminary results obtained in a kinetic investigation of the decomposition 
of sodium acetate (Reed, J. Chem. Phys., 1953, 21, 377). 
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In addition to the singly rearranged product, the present series of experiments yielded 
di-n-propyl ketone (not reported by Whitmore and his co-workers) in amount about equal 
to that of n-propyl tsopropyl ketone even at the lowest temperature used. That the pro- 
duction of the di-n-propyl ketone is a consequence of a pre-equilibrium condition may be 
excluded, as the salt remaining after partial decomposition contained not more than 5% of 
the m-butyrate, which was about the lower limit of the methods of detection used. 

This product necessitates extension of the radical theory and, in order to avoid the 
difficulties inherent in a mechanism involving replacement reactions, it is suggested that 
the second rearrangement occurs in the transition state without the rearranging radical’s 
becoming detached. 

In preliminary experiments on the pyrolysis of barium m-butyrate, not more than 5% 
of the total ketonic products were rearranged. 


EXPERIMENTAL 


Sodium isobutyrate (ca. 0-5 g.) was pyrolysed in a glass tube, heated by an electric furnace 
and connected to a U-tube cooled in liquid nitrogen, the whole being evacuated by a ‘‘ Hyvac ”’ 
pump. The pyrolyses were carried out at 40° intervals from 380° to 540°. The products, in 
each case a brown mobile liquid, were converted into the semicarbazones, which were weighed 
as an estimate of the total ketonic products obtained. The percentage decomposition was 
determined by titration of the residue. The mixed semicarbazones were separated by fractional 
crystallisation from the ethyl alcohol, three fractions being obtained and identified by m. p. and 
mixed m. p. The diisopropyl derivative, being the most soluble, was determined by difference. 
Typical results were as follows : 


COPr®, COPr®Pr! COPr', 
M. p. of synthetic semicarbazones .............6..00065 133° 116° 155° 
WE. Ps OBEROI arene screen ese succadiess oveneessssacupanss 131 116—118 152¢ 
Mixed mi. pi <<. aero 132 116 152 


* Most soluble fraction, and hence the most difficult to purify. 


The fractional crystallisation was tested, with good results on mixtures of the authentic 
compounds. 

In one or two separate experiments, the residue remaining after a partial pyrolysis was 
examined for sodium n-butyrate. The m. p. (103°) of the derived anilide was not depressed on 
admixture with authentic isobutyranilide, and the S-benzylthiuronium derivative (m. p. 141°) 
showed no m, p. depression on admixture with the corresponding derivative from isobutyric 
acid. About 5% of the various u-butyric derivatives gave distinct m. p. depressions. 

During most of the reactions, and in particular those at the higher temperatures, propylene 
(dibromide, b. p. 141°) was condensed in the liquid-nitrogen trap. 

Materials.—Di-n-propyl ketone semicarbazone. Pentan-3-ol (from British Drug Houses Ltd.) 
was oxidised by potassium dichromate and sulphuric acid, and the ketone was dried (MgSO,), 
distilled (b. p. 142—143°), and converted into the semicarbazone, m. p. 133° 

Disopropyl ketone semicarbazone. When similarly prepared this had m. p. 155°. 

n-Propyl isopropyl ketone semicarbazone. This was similarly prepared from 2-methylpentan- 
3-one (Muset, Bull. Acad. roy Belg., 1906, 775) and had m. p. 116°. 

Sodium isobutyrate. isoButyric acid (from British Drug Houses Ltd.), dried (MgSO,) 
and distilled (b. p. 152—154°), was added in 5% excess, slowly and with stirring, to an aqueous 
solution of ‘‘ AnalaR’’ sodium hydroxide. The solution was evaporated to dryness (water- 
bath), and then heated (280°), as a melt, iz vacuo (‘‘ Hyvac’’) to remove the surplus acid. The 
product so obtained was neutral to phenolphthalein. 


The authors acknowledge the interest that Dr. J. Bell has shown in this work. 
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801. Reactions of Methazonic Acid. Part IV.* Further 
Experiments with 3-Amino-4-arylquinolines. 


By D. W. OcKENDEN and K. SCHOFIELD. 


Some new 3-amino- and 3-acylamino-4-arylquinolines are described. 
The diazotised amines gave low yields of 4-aryl-3-pyridylquinolines with 
pyridine. 

3-Acylamino-4-arylquinolines with stannic chloride and phosphorus oxy- 
chloride in nitrobenzene gave high yields of substituted zsoquinolino(3’ : 4’- 
3: 4)quinolines. The site of quaternisation of some of these compounds has 
been established. The quaternary salts showed no activity against T. 
equiperdum. 

Some ultra-violet extinction curves are recorded. 


EARLIER in this series Schofield and Theobald (J., 1950, 395) described the preparation of 
some 4-aryl-3-nitroquinolines, and subsequently (J., 1951, 2992) the formation from two 
of these of 3-amino-4-phenyl- and 3-amino-4-p-methoxyphenyl-quinoline. 3-Benzamido- 
4-phenylquinoline was used to prepare 1’-phenylisoquinolino(3’ : 4’-3: 4)quinoline (V; 
R = R’ = H, R” = Ph).f We have now extended this work. 

C,H,R-p C,H,R-p C,H,R-p 
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CYR” YR” YR” 
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2-Amino-5-chlorobenzophenone, 2-amino-4’-methylbenzophenone, and 2-aminophenyl 
l-naphthyl ketone reacted readily with methazonic acid, giving good yields of nitroethyl- 
ideneamino-compounds (I). The derivative (I; R =H, R’ = Cl) was converted into 
6-chloro-3-nitro-4-phenylquinoline during recrystallisation. Under the conditions usually 
found satisfactory for cyclising such compounds (Schofield and Theobald, Joc. cit.) (I; 
R = Me, R’ = H) was merely hydrolysed, but the reaction proceeded readily in anhydrous 
acetone. The differing effects of chloro- and methyl substituents in these cases are under- 
standable in terms of the factors discussed by Schofield and Theobald (loc. cit.). A nitro- 
quinoline could not be obtained from the nitroethylidene derivative of o-aminopheny] I- 
naphthyl ketone in any circumstances. From anhydrous acetone, after treatment with 
alumina, the compound was recovered unchanged, and it seems likely that a steric factor 
is operative. 

3-Nitro-4-p-tolylquinoline and 6-chloro-3-nitro-4-phenylquinoline were readily reduced 
to the corresponding amines (III; R = Me, R’ = H; and R = H, R’ = C\), either cata- 
lytically or with stannous chloride. By standard procedures a number of acy] derivatives 
(IV) were prepared from these amines, and also from 3-amino-4-phenylquinoline. 

Schofield and Theobald (loc. cit.) described the reaction of diazotised 3-aminolepidine 
with pyridine, two pyridyl-lepidines (as dipicrates) being isolated in low yield. The low 
yields were to be expected in view of the complicated nature of the diazotisation of 3-amino- 

* Part III, ]7., 1953, 1915. 

ft Inman earlier paper (J., 1951, 2992) such compounds were termed dibenzonaphthyridines, but the 
nomenclature now used seems preferable, particularly for the quaternary salts. 
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lepidine (Ockenden and Schofield, J., 1953, 1915), but the absence of such complications 
renders the results obtained in similar experiments with 3-amino-4-arylquinolines disappoint- 
ing. 3-Amino-4-phenylquinoline furnished unsatisfactory yields of the picrates of two 
4-phenyl-3-pyridylquinolines, and from 3-amino-4-f-tolylquinoline only one picrate was 
isolated. Chromatographic purification afforded two pyridyl compounds after reaction 
of pyridine with diazotised 3-amino-6-chloro-4-phenylquinoline. 

Formerly 1’-phenyltsoquinolino(3’ : 4’-3 : 4)quinoline (V; R = R’ = H, R” = Ph) was 
prepared from 3-benzamido-4-phenylquinoline by the action of phosphoric oxide at 270— 
280°. This reagent failed with 3-acetamido-4-phenylquinoline and 3-acetamido- and 
3-benzamido-4-p-methoxyphenylquinoline. Phosphorus oxychloride was also ineffective, 
but converted the last-named compound into an unidentified product, possibly C,,H,,0,N. 
For similar cyclisations in the phenanthridine series the combined action of stannic chloride 
and phosphorus oxychloride in nitrobenzene has proved highly effective (Ockenden and 
Schofield, J., 1953, 717), and we have now established its utility in the present instance. 
A number of 3-acetamido-4-aryl-, 4-aryl-3-benzamido-, and 4-aryl-3-p-nitrobenzamido- 
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quinolines were thus converted into (V; R” = Me, Ph, or C,H,°NO,-p) in high yields. 
Especially noteworthy is the case of 3-benzamido-4-p-methoxyphenylquinoline which, 
despite the presence of the methoxyl group meta to the point of cyclisation, yielded 
53% of 7’-methoxy-l’-phenylisoquinolino(3’ : 4’-3 : 4)quinoline (V; R= OMe, R’ = H, 
R” = Ph). 

An attempt to obtain isoquinolino(3’ : 4’-3 : 4)quinoline itself, by similar cyclisation of 
3-formamido-4-phenylquinoline, failed. 1’-Methylésoquinolino(3’ : 4’-3 : 4)quinoline ap- 
peared to offer a route to the parent member of the series, and for this purpose it was 
converted into [V; R= R’ =H, R” = CH(CH,°OH),] by the action of formaldehyde 
(Ritchie, Proc. Roy. Soc. N.S.W., 1945, 78, 134). The dihydroxyisopropyl compound was 
oxidised by chromic acid to a mixture of an acid and some non-acidic material. Decarb- 
oxylation of the acid in hot benzophenone (Schofield and Simpson, J., 1945, 512) gave a 
compound C,,H,)ON,, which we regard as (VII; R = R’ = R” = R’”’ = H).. Evidently 
the chromic acid produced (VII; R = R’ = R’’ = H, R” = CO,H), and the non-acidic 
material accompanying the acid may have been the impure decarboxylated derivative. 

Several of the isoquinolinoquinolines were converted into their methosulphates. The 
nitro-compounds required use of hot nitrobenzene as solvent, whilst boiling benzene sufficed 
for the other examples. In no case was the reaction complete, small amounts of starting 
material invariably being isolated. When benzene was the solvent this recovered material 
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could be used again, but nitrobenzene caused considerable decomposition. The metho- 
sulphates were converted into the methiodides. Schofield and Theobald (loc. cit.) isolated 
the methiodide (V; R = R’ = H, R” = Ph) as the black monohydrate. In the present 
work we obtained the orange hemihydrate, and hydration was almost universal in these 
compounds. Particularly remarkable is the methiodide (VI; R =H, R’ =Cl, R” = 
C,H,'NO,-p) which retained five molecules of water. The sites of quaternisation in the 
compounds (VI; R= Me, R’ =H, R” = Ph; and R=H, R’ = Cl, R” = Ph) were 
established by the method also used in our earlier work, namely, by oxidation with ferri- 
cyanide to (VII; R = R’”’ = Me, R’ = H, R” = Ph; and R = H, R’ = Cl, R” = Ph, 
R’”’ = Me). The methiodides [including the impure amine obtained by reducing (VI; 
R = R’ = H, R” = C,H,’NO,-p)] showed no useful activity against T. eqguiperdum, but 
their insolubility made tests difficult. 

The ultra-violet light-extinction curves of (V; R = R’ = H, R” = Me; andR = R’ = 


compound shows the expected differences from that of the methyl derivative, produced by 
conjugation of the nucleus with the substituent, and the curve for the lactam is consistent 
with the proposed structure. There is an interesting similarity between the curves for 
(V; R= R’ = H, R” = Me) and 4-azabenzo[c]phenanthrene (Friedel and Orchin, “‘ Ultra- 
violet Spectra of Aromatic Compounds,” Wiley, New York, 1950). In both of these 
compounds the nitrogen atoms cause considerable intensification of absorption in the twin 
peaks found in the 350—370 my region with 5-methylbenzo[{c]phenanthrene itself (Friedel 
and Orchin, op. cit.). 
EXPERIMENTAL 

2-A mino-4’-methylbenzophenone.—Kippenburg’s method (Ber., 1897, 30, 1133) was modified 
as follows: o-p’-Toluoylbenzoic acid (21 g.), thionyl chloride (8 c.c.), and chloroform (40 c.c.) 
were heated 1 hr. on the water-bath. Solvent and excess of thionyl chloride were removed, 
and chloroform (4 c.c.) was added and distilled off at reduced pressure. This process was 
repeated. The acid chloride was stirred in benzene (60 c.c.) and treated with dry ammonia for 
3 hr. The benzene was removed in steam, the dried product was dissolved in the minimum of 
alcohol, and the alcoholic solution was added to boiling water (41.). The filtered solution gave 
pure o-p’-toluoylbenzamide (10-5 g.; 173—175°). A solution of the amide (20 g.), sodium 
hydroxide (10 g.), and water (100 c.c.) was added slowly to sodium hypobromite solution [from 
bromine (4-5 c.c.), sodium hydroxide (10 g.), and water (50 c.c.)] at 0°. The mixture was heated 
at 95° for 9 hr., and the product was crystallised twice from alcohol, giving the amine (12-9 g.), 
m. p. 92—-95°. 

2-2’-Nitroethylideneaminoaryl Ketones.—The amino-ketone and methazonic acid (1 equiv.) 
were dissolved in water, concentrated hydrochloric acid, and acetone. After 12 hr. the product 
was collected. The experiments are tabulated below. 


Wt. Water Conc. HCl Acetone Crude product : 

Ketone (g.) (c.c.) (c.c.) (c.c.) m. p. yield (%) 
2-Amino-5-chlorobenzophenone ... 12-0 50 50 200 186—188° 923 
2-Amino-4’-methylbenzophenone... 20-0 200 200 400 174—178 88 ? 
2-Aminophenyl I-naphthyl ketone 1-0 10 10 15 167—173 76% 


1 Attempted recrystallisation caused cyclisation. * 4’-Methyl-2-2’-nitroethylideneaminobenzo- 
phenone formed yellow prisms, m. p. 179—181° (Found: C, 68:0; H, 5-2. C,gH,,O;N, requires C, 
68-1; H, 5-0%), from acetone. * 1-Naphthyl 2-nitroethylideneaminophenyl ketone gave pale yellow 
leaflets, m. p. 173—175° (Found: C, 71-7; H, 5-0. C,,H,,O,;N, requires C, 71-7; H, 45%), from 
aqueous acetone. In other experiments a form, m. p. 145—148°, was encountered, but crystallisation 
gave the compound, m. p. 173—175°. 


3-Nitroguinolines.—The chloro-nitroethylideneamino-compound (13-8 g.) in acetone was 
kept overnight with activated alumina (138 g.). Filtration, evaporation, and recrystallisation 
of the residue from aqueous alcohol gave yellow-green needles (11-8 g.) of 6-chloro-3-nitro-4- 
phenylquinoline, m. p. 162—163° (Found: C, 63-8; H, 3-4. C,,H,O,N,Cl requires C, 63:3; 
H, 3-2%). 

Similarly, except that anhydrous acetone was used, the tolyl-nitroethylideneamino-compound 
(13 g.) gave 3-nitro-4-p-tolylquinoline (10 g.), which formed pale yellow prisms, m. p. 98—100° 
(Found: C, 72-6; H, 4-5. C,,H,,O,N, requires C, 72-7; H, 4-6%), from ethanol. 

3-A minoquinolines.—The chloro-nitro-compound (5 g.), methanol (700 c.c.), and palladium— 
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charcoal (1 g.) were shaken with hydrogen. Reduction was complete in 1 hr. Filtration, 
evaporation, and crystallisation from ether-light petroleum (b. p. 40—60°) gave needles of 
3-amino-6-chloro-4-phenylquinoline (80%), m. p. 161—162° (Found: C, 70-7; H, 4:3. C,;H,,N,Cl 
requires C, 70-7; H, 43%). 

Alternatively, the chloro-nitro-compound (5 g.), stannous chloride (12 g.), and concentrated 
hydrochloric acid (100 c.c.) were heated for 1 hr. at 95°. After basification and ether-extraction 
the product (m. p. 160—161°) was isolated in 78% yield. 

Similarly, 3-nitro-4-p-tolylquinoline (5 g.), methanol (400 c.c.), and palladium—charcoal 
(1 g.), or the nitro-compound (5 g.), stannous chloride (13 g.), and concentrated hydrochloric 
acid (150 c.c.), gave 80% and 75% respectively of 3-amino-4-p-tolylquinoline, which formed 
pale yellow needles, m. p. 160—162° (Found: C, 81-7; H, 5-3. C,,H,,N, requires C, 82-0; 
H, 6-0%), from benzene-light petroleum (b. p. 60—80°). 

3-Acylamino-4-arylquinolines.—3-Amino-4-phenylquinoline (0-7 g.) and formic acid (165 c.c. 
of 98%) were refluxed for 1 hr. The product (0-72 g.) was isolated by dilution and basification. 
3-Formamido-4-phenylquinoline formed fawn plates, m. p. 135—137° (Found: C, 77-7; H, 5-1. 
C,sH,,ON, requires C, 77-4; H, 49%), from benzene-light petroleum (b. p. 60—80°). The 
same amine (0-5 g.), acetic anhydride (10 c.c.), and one drop of 2N-sulphuric acid, when refluxed 
for 12 hr., gave, in the usual way, 3-diacetylamino-4-phenylquinoline (0-41 g.), buff-coloured 
plates, m. p. 139—-141° (from aqueous alcohol) (Found: C, 74-8; H, 5-1. C,,.H,,0O,N, requires 
C, 75-0; H, 5-3%). 

The acyl compounds described below were isolated in the usual way after the appropriate 
amine and aroyl chloride (1 equiv.) had been kept in pyridine for 24 hr. 3-p-Nitrobenzamido-4- 
phenylquinoline (50%) formed small colourless needles, or pale yellow prisms, m. p. 179—181° 
(Found: C, 70-9; H, 4:3. C,.H,,0O;N, requires C, 71-5; H, 4-1%), from aqueous alcohol. 
From the same solvent 3-benzamido- (65%) and 3-p-nitrobenzamido-4-p-tolylquinoline (67%) 
formed needles, m. p. 166—168° (Found: C, 81-5; H, 5-5. C,,;H,,ON, requires C, 81-6; 
H, 5-4%), and small yellow plates, m. p. 155—156° (Found: C, 69-7; H, 4-7. C,3H,,0O,N;,4H,O 
requires C, 70-4; H, 4:6%), respectively. 3-Benzamido-6-chloro- (53%) separated as needles, 
m. p. 208—210° (Found: C, 73-3; H, 4:4. C,.H,,ON,Cl requires C, 73-6; H, 4-2%), from 
aqueous alcohol, and 6-chloro-3-p-nitrobenzamido-4-phenylquinoline (51%) gave very pale yellow 
plates, m. p. 205—207° (Found: C, 66-2; H, 3-5. C,.H,,O,;N,Cl requires C, 65-4; H, 3-5%), 
from alcohol. 

Pyridylquinolines.—(i) The diazonium solution from 3-amino-4-phenylquinoline (0-5 g.), 
concentrated hydrochloric acid (2 c.c.), water (3 c.c.), and aqueous sodium nitrite (0-18 g. in 3 c.c.) 
was added gradually to pyridine (25 c.c.) at 50°. After 24 hr. at room temperature the solution 
was treated with aqueous sodium hydroxide and steam-distilled. The oily residue was extracted 
with ether, and the oil (0-54 g.) obtained from the dry (Na,CO,) extract was treated in ethanol 
(15 c.c.) with picric acid (1-1 g.) in the same solvent (15 c.c.). The resulting red gum when 
dissolved in acetone (20 c.c.) gave a solid (0-42 g.) which on recrystallisation from methanol 
provided orange needles of a dipicrate, m. p. 177—181° [Found: C, 51-1; H, 3-1; N, 15-1. 
CyoH14Ne,(CsH,;0,N;), requires C, 51-8; H, 2-7; N, 15-1%]. A more soluble component 
(0-15 g.) from the acetone gave from methanol lemon-coloured plates of an impure monopicrate, 
m. p. 169—172° (Found: C, 59-1; H, 3-5; N, 13-1. Calc. for C,)H,,N,,C,H,O,N,: C, 61-1; 
H, 3-4; N, 13-7%). 

(ii) In the same way the reaction mixture from 3-amino-4-p-tolylquinoline (0-5 g.) gave after 
steam-distillation and ether-extraction an oil (0-55 g.) which was treated in ethanol (20 c.c.) 
with picric acid (1 g.) in acetone (20c.c.). A solid (0-55 g.) separated, which on recrystallisation 
from benzene gave small yellow prisms of a solvated monopicrate, m. p. 230—232° (Found: 
C, 64-6; H, 4:1. C,,H,,.N2,C,H,;O,N;,4C,H, requires C, 63-8; H, 3:9%). No other homo- 
geneous product could be isolated. 

(iii) 3-Amino-6-chloro-4-phenylquinoline (0-5 g.) in concentrated hydrochloric acid (3 c.c.) 
and water (3 c.c.) was diazotised with sodium nitrite (0-15 g.) in water (2 c.c.). A suspension 
resulted and hydrochloric acid (40 c.c.) and acetic acid (10 c.c.) were added to cause dissolution. 
The solution was added to pyridine (150 c.c.) at 50°, and the mixture was worked up as usual. 
The resulting oil (0-55 g.) in benzene was passed over an alumina column and gave first a sub- 
stance which formed soft, pink needles, m. p. 170—171° (Found: C, 75-8; H, 4:2. C, ,H,,N,Cl 
requires C, 75-8; H, 4:1%), from ether-light petroleum (b. p. 40—60°), and then a substance 
which separated from the same solvent as small prisms, m. p. 184—186° (Found: C, 75-8; 
H, 42%). 

isoQuinolino(3’ : 4’-3 : 4)quinolines.—The acylaminoquinoline (0-2 g.), nitrobenzene (2 c.c.), 
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phosphorus oxychloride (1 c.c.), and stannic chloride (1 equiv.) were refluxed for 4 hr. After 
steam-distillation the residual suspension was basified, and the product was recrystallised. The 
yields were not dimimished in larger (ca. 1 g.)-scale experiments. The products are tabulated 


below. 


isoQuinolino(3’ ; 4’- Yield Found (%) Reqd. (%) 
3: 4)quinoline Solvent (%) Colour M.p. Formula Ce oe 
(1) 1’-Methyl- Ether 65 —  134—135° C,,H,,N,,$H,O 75:8 5-6 75:3 5-6 
(2) 1’-Phenyl- * f Aq. EtOH 85 Cream 157—158 -- _- —- —- — 
(3) 1’-p-Nitrophenyl- Acetone 78 Yellow 250—251 C,.H,,0,N; 74-5 39 75:2 3-6 
(4) 7’-Methyl-l’-phenyl- EtOH 90 — 199—201 Ns 86-4 5-1 86-2 5-0 
(5) 7’-Methyl-1’-p-nitro- ad 84 Yellow 237—238 C,,H,,0O,N;,$H,O 70-2 44 70-4 4-6 
phenyl- 
(6) 6-Chloro-1’-phenyl- fT a 80 Fawn 190—192 C,,H,,N,Cl 78:8 4:0 77-5 3:8 
(7) 6-Chloro-1’-p-nitro- Pyridine 90 Pale 315—316 C,.H,,0,N,Cl 67-6 3-1 68:5 3-1 
henyl- yellow 
(8) 7’-Methoxy-1’-phenyl- Aq. EtOH 53 —  166—167 C,,;H,,ON, 81-7 5-1 82:2 4-8 
* See Schofield and Theobald (Joc. cit.). t Plates; the other compounds formed needles. 


1’-(2-Hydroxy-1-hydroxymethylethyl)isoquinolino(3’ : 4’-3 : 4)quinoline.—The 1’-methyl com- 
pound (2-3 g.), alcohol (50 c.c.), and aqueous formaldehyde (25 c.c. of 40%) were refluxed for 
24hr. Most of the solvent was removed, alcohol and formaldehyde (20 c.c. of each) were added, 
and refluxing was continued for 24 hr. more. The solution was evaporated, and evaporated 
several times with small quantities of benzene. The residue, when crystallised from benzene, 
gave material (1-55 g.) pure enough for the next step. The product formed plates, m. p. 193— 
195° (Found: C, 74:8; H, 5-2. C,,H,,O,N, requires C, 74-0; H, 5-5%). 

A boiling solution of the dihydroxy-compound (0-2 g.) in 2Nn-sulphuric acid (2-5 c.c.) was 
treated during }$ hr. with potassium dichromate (0-4 g.) in water (2 c.c.) and concentrated sul- 
phuric acid (0-3 c.c.). After 2} hr. the mixture was diluted and the precipitated acid [0-1 g.; 
m. p. 320—330° (decomp.)] was used directly in the next stage. A similar oxidation of the 
dihydroxy-compound (1-2 g.) gave a very impure product (0-51 g.). Treatment with 2n- 
sodium hydroxide left a neutral residue (0-2 g.; m. p. 240—270°) which was not further examined, 
whilst neutralisation of the filtrate with acetic acid gave the above acid [0-3 g.; m. p. 320—325° 
(decomp.)]. 

The carboxylic acid (0-1 g.) and benzophenone (0-5 g.) were heated at 210°. Gas evolution 
was complete in $ hr., and after 10 min. more the mixture was treated with ether and extracted 
with 2n-hydrochloric acid. Basification of the acid solution and crystallisation of the precipitate 
from acetone gave the lactam (0-03 g.) as white needles, m. p. 3837—338° (Found: C, 77-9; 
H, 4:1. C, gH, ON, requires C, 78-0; H, 41%). 

Methiodides. (a) The isoquinolino(3’ : 4’-3 : 4)quinoline (0-2 g.), benzene (10c.c.), and methyl 
sulphate (1 equiv.) were refluxed for 3 hr. The solvent was removed and the product was 
dissolved in hot water and filtered from unchanged starting material (ca. 0-03 g., suitable for 
further use). Addition of potassium iodide solution precipitated the practically pure methiodide 
which was recrystallised. 

(b) The nitro-compound (0-2 g.), nitrobenzene (20 c.c.), and methyl sulphate (1 equiv.) were 
kept at 150° for 2hr. After steam-distillation the hot aqueous solution was filtered, and treated 
with potassium iodide. The substantially pure methiodide separated and was recrystallised. 

The results are tabulated below. Yields ‘were unchanged on a larger (ca. 0-8 g.) scale. 


Methiodide Yield (pure Found (%) Reqd. (%) 

ofbaseno.* Solvent cpd.)(%) M.p.® Form Formula c > @ YF 
(2)¢ EtOH 80  238—240° Orange needles C,,H,,N.I,}H,O 59-9 3:9 60-4 4-0 
(3) H,O-AcOH 69 272—274 Orange needles C,,H,,0,N;,1,4H,O 55:0 3-3 55-0 3-4 
(4) EtOH 80 234—235 Brown plates C,,H,N,1,2H,O 578 4:4 57-8 4:7 
(5) H,O-AcOH 66 278—281 Orange needles C,,H,,O,N,I 56-6 3-7 56-8 3-6 
(6) EtOH 86  238—240 Yellow needles C,,H,,N.CII,3H,O 54:4 3-4 54:2 3-2 
(7) H,O-AcOH 42 304—306 Red-brown C,3H,;0,N,CHU,5H,O 44-7 2-6 44-7 2-4 

plates 


* No. refers to previous Table. * All with decomp. ¢ Cf. Schofield and Theobald, loc. cit. 


1 : 7’-Dimethyl-1’-phenylisoquinolino(3’ : 4’-3: 4)quinolinium iodide (0-1 g.), potassium 
ferricyanide (0-3 g.), water (25 c.c.), and 2n-sodium hydroxide (10 c.c.) were stirred at 95° for 1 hr. 
Extraction of the solution with benzene, and crystallisation of the product from benzene-light 
petroleum (b. p. 60-—-80°), gave small prisms of the quinolone (VII; R = R’” = Me, R’ = H, 


—* 
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R” = Ph), m. p. 190—191° (Found: C, 82-5; H, 5:2. C,,H,,ON, requires C, 82-3; H, 5-2%). 
In the same way, the quinolone (VII; R = H, R’ = Cl, R” = Ph, R’” = Me) was obtained as 
pale yellow needles, m. p. 204—205° (Found: C, 76-0; H, 4:5. C3H,,ON,Cl,4C,H, requires 
C, 76-2; H, 45%). 

1-Methyl-1’-p-nitrophenylisoquinolino(3’ : 4’-3 : 4)quinolinium iodide (0-2 g.), water (50 c.c.), 
and acetic acid (20 c.c.) were stirred at 95° and treated with iron powder (0-4 g.) during } hr. 
After 1 hr. more the mixture was filtered and concentrated. Repeated crystallisation from 
water gave small red needles of the impure amine (Found: C, 57-0; H, 44%). 


We are indebted to Imperial Chemical Industries Limited and the Council of University 
College, Exeter, for financial support, to D.S.I.R. for a maintenance grant to one of us (D. W. O.), 
and to Dr. F. Hawking of the National Institute for Medical Research, who arranged the 
biological tests. 
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802. Some Properties and Reactions of Quinoline-5 : 8-quinones. 
By R. Lone and K. SCHOFIELD. 


6- and 7-Alkylquinoline-5 : 8-quinones gave, with hydrogen peroxide, 
epoxides which were converted into 6-alkyl-7-hydroxy- and 7-alkyl-6-hydroxy- 
quinoline-5 : 8-quinones respectively. 

6- and 7-Chloro- and 6: 7-dichloro-5 : 8-dihydroxyquinoline have been 
prepared. 

The dibromide formed from bromine and quinoline-5 : 8-quinone could 
not be obtained pure. The same quinone formed with aniline both of the 
possible anilinoquinones. 

The ultra-violet light extinction curves of a number of quinoline-5 : 8- 
quinones have been obtained, and are discussed with regard to the postulated 
structure of the compounds. 


WE have described the preparation of quinoline-5 : 8-quinone and a number of its alkyl 
derivatives (as II) (Long and Schofield, J., 1953, 3161). In the present paper are described 
some experiments made with these compounds. 


R @ Q Q R 
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Since the presence of a hydroxyl group in position Cy) of certain 3-alkylnaphtha-l : 4- 
quinones has been associated with antimalarial action (Fieser e¢ al., ]. Amer. Chem. Soc., 
1948, 70, 3151 et seg.) we examined the formation of similar derivatives from quin- 
oline-5 : 8-quinones. In alcoholic solution a number of these quinones were readily 
converted by hydrogen peroxide in dilute sodium carbonate solution into 6 : 7-epoxy-6 : 7- 
dihydroquinoline-5 : 8-quinones (I): these were appreciably soluble in water, and (I; 
R = H, R’ = Me; andR = Bu, R’ = H) were obtained as hydrates. With quinoline-5 : 8- 
quinone itself hydrogen peroxide produced a deep red colour, but an epoxide could 
not be isolated. [Cf. 2 : 3-epoxy-2 : 3-dihydronaphtha-1 : 4-quinone which is too alkali- 
sensitive to be obtained by this method (Fieser, ]. Amer. Chem. Soc., 1948, 70, 3165) } 

In contrast to the parent quinones (Long and Schofield, Joc. cit.) the epoxides 
were all colourless, sharply melting compounds. Like 2 : 3-epoxy-2 : 3-dihydro-2-methy]- 
naphtha-1 : 4-quinone (Madinaveitia, Anal. Fis. Quim., 1933, 31, 750) the heterocyclic 
compounds (I) possessed marked sternutatory and skin-irritant properties. 

With aqueous ammonia the epoxy-compounds slowly formed dark-red solutions, and 
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from such a reaction with (I; R =H, R’ = Me) a small yield of 6-hydroxy-7-methyl- 
quinoline-5 : 8-quinone (II; R-=OH, R’=Me) was isolated. Such hydroxy- 
compounds were obtained in high yields by treatment of the epoxides with cold concen- 
trated sulphuric acid. Physically they resembled the parent quinones rather than the 
epoxides, and like the hydroxynaphthaquinones (Ettlinger, J. Amer. Chem. Soc., 1950, 
72, 3085), gave an immediate red colour with alkali. 

In the presence of palladium-charcoal, a methanolic solution of 6: 7-epoxy-6 : 7- 
dihydro-7-methylquinoline-5 : 8-quinone absorbed hydrogen very slowly and_ the 
originally colourless solution became green. When exposed to air the green solution 
became dark red, and 6-hydroxy-7-methylquinoline-5 : 8-quinone was isolated. This 
isomerisation was not effected by the catalyst without hydrogen. Prolonged hydrogen- 
ation gave a different product, probably 5:6: 8-trihydroxy-7-methylquinoline. The 
colour changes probably indicate the intermediate formation of a semiquinone (III), 
stabilised by the presence of the heterocyclic nitrogen atom. 

We next examined the action of hydrogen chloride on quinoline-5 : 8-quinone in 
carbon tetrachloride. The bright yellow product contained ionic chlorine, and from it was 
isolated (after exposure for some time to the atmosphere) 6 : 7-dichloro-5 : 8-dihydroxy- 
quinoline. Treating the quinone with concentrated hydrochloric acid gave a mixture of 
chlorides from which was isolated 6(or 7)-chloro-5 : 8-dihydroxyquinoline, characterised 
as its diacetate, and in which the presence of the alternative 7(or 6)-isomer was demon- 
strated by the separation of a second diacetate. The difference thus observed between 
the action of hydrogen chloride and of (aqueous) hydrochloric acid is striking; since the 
formation in the former reaction of 6 : 7-dichloro-5 : 8-dihydroxyquinoline must proceed 
through the production and oxidation of 6(or 7)-chloro-5 : 8-dihydroxyquinoline the fact 
that the initial product was not examined until after some exposure to the atmosphere 
may be significant. Moness and Christiansen (J. Amer. Pharm. Assoc., 1934, 23, 228) 
obtained impure mono- and di-chloro-5: 8-dihydroxyquinolines by chlorinating the 
dihydroxy-compound. Fischer and Renouf (Ber., 1884, 17, 1642) claimed to have isolated 
the hydrochloride of quinoline-5 : 8-quinone by treating the latter with 25% hydro- 
chloric acid. Our experiments render doubtful the supposed character of their product. 
7-Methylquinoline-5 : 8-quinone gave with hydrochloric acid the (hydrated) hydro- 
chloride of 6-chloro-5 : 8-dihydroxy-7-methylquinoline, from which the base was isolated 
and characterised as its diacetate. 

With bromine in acetic acid or carbon tetrachloride quinoline-5 : 8-quinone gave 
the impure dibromide. The composition of the product varied appreciably, depending on 
the solvent used in recrystallisation; thus, aqueous methanol evidently caused some 
dehydrobromination. Bromine in carbon tetrachloride converted 7-methylquinoline-5 : 8- 
quinone into its highly crystalline dibromide. 

From the reaction between aniline and quinoline-5 : 8-quinone in ethanol Fischer 
and Renouf (loc. cit.) isolated 6(or 7)-anilinoquinoline-5 : 8-quinone. Re-investigation 
has disclosed that both possible products of this reaction, (II; R = Ph*NH, R’ = H; and 
R = H, R’ = Ph:NH), are actually formed, the earlier workers having overlooked the 
more soluble isomer. Under similar conditions (II; R = Ph:NH, R’ = Me) and (II; 
R = Ph'NH, R’ = Pr) were obtained from 7-methyl- and 7-propylquinoline-5 : 8- 
quinone. 

The availability of a range of quinoline-5 : 8-quinones and related compounds made 
it of interest to examine the ultra-violet light absorption of these compounds. Such 
examination would provide useful confirmation of the #-quinone structure (Long and 
Schofield, Joc. cit.). Other workers (Macbeth, Price, and Winsor, J., 1935, 325; Braude, 
J., 1945, 490) have established the presence in the ultra-violet light extinction curves of all 
simple p-benzo- and naphtha-l : 4-quinones of a high-intensity peak at about 2400 A (log 
e 4-2). An inflexion discernible in this peak is accentuated by the introduction of alkyl 
groups. Naphtha-l:4-quinones possess a characteristic broad, medium-intensity band 
(a 3330 A), not shown by #-benzoquinones. 

The extinction curve of quinoline-5: 8-quinone (Fig. 1) displays a high-intensity 
peak (A 2380 A, log e 4-28) which obviously corresponds to that mentioned above for 
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p-benzo- and naphtha-1 : 4-quinone, but which has suffered a small hypsochromic shift. 
There is also a faint suggestion of an inflexion at about 2475 A, and a marked one at 2975 A. 
Quinones with alkyl groups in the quinone ring have very similar extinction curves, but 
the first inflexion is now developed into a distinct maximum, behaviour paralleled to a less 
marked extent by #-benzo- and naphtha-1 : 4-quinones. An alkyl group in the hetero- 
cyclic ring (Fig. 2) produces a marked effect, removing the hypsochromic shift in the 
high-intensity peak and raising the latter’s intensity, but most strikingly generating a 
broad, medium-intensity band (3150 A, log ¢ 3-1) recalling that characteristic of naphtha- 
1:4-quinones. It is suggested that the alkyl groups in 2-methyl- and 2: 4-dimethyl- 
quinoline-5 : 8-quinone compensate for the electronegativity of the nitrogen atom, and 
restore the system more nearly in spectroscopic character to that of naphtha-1 : 4-quinone. 
Thus, the second inflexion (2975 A) observed with quinoline-5 :8-quinone and its 6- 
and 7-alky] derivatives may be identified as the broad, medium-intensity peak of 2-methyl- 
and 2: 4-dimethylquinoline-5 : 8-quinone, removed to shorter wave-lengths and merged 
into the descending slope of the main peak by the electron-attracting power of the 
nitrogen atom. 

Since no doubt attaches to the structure of 6- and 7-methyl- and 7-ethyl-quinoline-5 : 8- 
quinone (Long and Schofield, Joc. cit.), the close similarity of all the extinction curves 
for our series of 6- and 7-alkyl homologues (up to butyl), and their rational relation to that 
for naphtha-l : 4-quinone indicate that all these compounds are indeed quinoline-5 : 8- 
quinones, and further support the assumed orientation of the alkyl-nitroquinolines (Long 
and Schofield, J., 1953, 3161) used in their synthesis. 

The extinction curve for phthiocol (Crowe, J. Biol. Chem., 1936, 115, 479) resembles 
the curves obtained for 7-alkyl-6-hydroxyquinoline-5 : 8-quinones, both possessing a 
broad maximum (ca. 3850 A) (Fig. 2). This is possibly related to the ability of these 
compounds to assume the tautomeric 0-quinonoid structure (IV); a band in this position 
occurs with o-benzoquinone and naphtha-1 : 2-quinone (Goldschmidt and Graef, Ber., 1928, 
61, 1858) and Macbeth et al. (loc. cit.) considered this to be a criterion of the 1 : 2-structure. 

The extinction curves for the anilino-derivatives (Fig. 3) do not show any simple 
relation to those of the alkyl compounds, their predominant feature being the visible 
absorption responsible for the colour of these derivatives. The structures of the com- 
pounds obtained by the action of hydrochloric acid on quinoline-5: 8-quinone are 
clearly indicated by the relation between their extinction curves and that of 8-hydroxy- 
quinoline (Fig. 3). 

The bacteriostatic properties of some of the compounds now described will be reported 
later. 


EXPERIMENTAL 

6 : 7-Epoxy-6 : 7-dihydroquinoline-5 : 8-quinones.—(i) To a suspension of 7-methylquinoline- 
5 : 8-quinone (1 g.) in alcohol (10 c.c.) a cooled solution of hydrogen peroxide(1 c.c.; 30%) and 
sodium carbonate (0-2 g. of anhydrous) in water (5 c.c.) was added. The initial brown colour 
was discharged. Pouring into iced water gave no precipitate, but ether removed from this 
solution the substantially pure product (0-85 g.). 

(ii) When in a similar experiment the undiluted reaction mixture was cooled in ice the 
product (0-6 g.) separated. The epoxide hemihydrate separated from ether in star-shaped 
clusters of crystals. See section A of the Table, where these and other epoxides are described. 

6- and 7-Hydroxyquinoline-5 : 8-quinones—The epoxy-compound (0-5 g.) and concen- 
trated sulphuric acid (10 c.c.) were set aside for 5 days. The deep red-brown solution was then 
diluted with water, and aqueous ammonia was added until the colour became faintly red. The 
product was extracted with chloroform. See section B of the Table. 

Reduction of 6: 7-Epoxy-6 : 7-dihydroquinoline-5 : 8-quinone.—The epoxide (0-25 g.) in 
methanol (25 c.c.) was shaken with palladium-—charcoal (0-1 g.) and hydrogen for 30 hr. 
Very slow continuous absorption occurred, and the solution, originally colourless, became 
olive-green. Filtration and concentration gave dark red crystals. Crystallisation from benzene 
gave yellowish-brown crystals of 6-hydroxy-7-methylquinoline-5 : 8-quinone, m. p. 232—234° 
(decomp.) (Found: C, 63-3; H, 3-7%). 
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Repetition of the experiment with 0-65 g. of epoxide for 100 hr. gave a red solid (0-55 g.). 
Crystallisation from benzene-pyridine gave dark reddish crystals of 5: 6: 8-irihydroxy-7- 
methylquinoline, which when dried formed a light yellow powder, m. p. 240° (decomp.) (Found : 
C, 62-8; H, 3-8. C, )H,O;N requires C, 62-8; H, 4-7%). 

6 : 7-Dichloro-5 : 8-dihydroxyquinoline.—The quinone (0-5 g.) in carbon tetrachloride (30 c.c.) 
was treated with hydrogen chloride for several minutes. After several days the precipitate 
(0-8 g.) was collected. Crystallisation from methanol-ether gave a yellow granular solid, 


Substi- Yield Found, % Reqd., % 
tuent (%) Solvent * Form M. p. Formula Cc H Cc H 
(A) 6: 7-Epoxy-6 : 7-dihydroquinoline-5 : 8-quinones. 
6-Methyl!... 72 Et,O Granular* 149—150° C,,H,O,N 63:4 3:85 63-5 3-75 
7-Methyl?... 80 a Needles 123—124 — 63-3 4-0 vo He 
u wire 55 ee Prisms 118—1204 C,,H,O,N,$H,O 59-8 4-1 60-6 4-1 
7-Propyl? ... 83 me Granular 87 Cy.H,,0;N,23H,O 62:0 49 62-5 5-5 
6-Butyl! ... 95 Et,O-Pet en 64—65 C,;H,,0,;N,3H,O 63-8 5-5 63-8 5-7 
(B) 6- or 7-Hydroxyquinoline-5 : 8-quinones. 
7-Methyl ... 65 Benzene Yellow- 230—235 C,,H,O;N 64:1 3-8 63-5 3-7 
brown plates (decomp.) 
7-Propyl ... 70 Et,0O-Pet Yellow 149—150 C,,H,,0,;N 65:9 52 66:4 5-1 
needles 
6-Butyl® ... 63 3 Yellow 116—117 C,,;H,O,;N 67-1 5:8 67-5 5-7 
blades 


1 Method (i). ® Method (ii). * Initially pale yellow oils, which were only induced to crystallise 
by being cooled in liquid air. ‘ Mixed m. p. of hemihydrate and anhydrous form, 110—116°. 
5 Obtained as a dark oil which slowly deposited crystals. ® Pet = light petroleum, b. p. 40—60°. 


apparently a hydrated salt (Found: C, 39-3; H, 3-3; Cl, 30-1. C,H,O,NCI,,0-5HCI,1-5H,O 
requires C, 39-3; H, 3-1; Cl, 32-2%) which decomposed at about 200°. After being exposed to 
the air for several weeks a solution of this salt (0-5 g.) in water (500 c.c.) (the solution gave a 
positive test for ionic chlorine) was extracted with chloroform. Several recrystallisations of 
the product (0-25 g.) from ether-—light petroleum (b. p. 40—60°) gave soft, light purple needles of 
6 : 7-dichloro-5 : 8-dihydroxyquinoline, m. p. 157—158° (Found: C, 46-8; H, 2-1; Cl, 30-1. 
C,H,O,NCI, requires C, 47-0; H, 2-2; Cl, 30-8%). 

Reaction of Quinoline-5 : 8-quinone with Hydrochloric Acid.—The quinone (2 g.) was 
boiled with concentrated hydrochloric acid (20 c.c.) for 5 min. The precipitate (2-5 g.) which 
separated on cooling formed yellow granules of mixed hydrated hydrochlorides (Found: C, 
44-8; H, 3-7; N, 5-4; Cl, 27-5. Calc. for C,H,,0,NCI,$H,O: C, 44-8; H, 3-4; N, 5-8; Cl, 
29-4%) when crystallised from methanol-ether. The chloroform extract of a solution of this 
salt (1-2 g.) in water (1-5 1.), when concentrated to 75 c.c., gave long needles (0-1 g.) of (6 or 7)- 
chlovo-5 : 8-dihydroxyquinoline, m. p. 164° (Found: C, 55-0; H, 3-4. C,H,O,NCI requires C, 
55-3; H, 3-1%). Further concentration gave material (0-5 g.), m. p. 150—162°, and finally a 
residue (0-15 g.), m. p. 148—158°._ When a portion of the second crop (0-15 g.) had been heated 
with acetic anhydride at 95° for } hr., dilution gave a solid (0-18 g.), which after crystallisation 
from ether-light petroleum (b. p. 40—60°) was separated manually into two types of crystals. 
One of these gave from ether-light petroleum spiky prisms of 5: 8-diacetoxy-6(or 7)-chloro- 
quinoline, m. p. 130—131° (Found: C, 55-5; H, 3-6; Cl, 12-5. C,,;H,gO,NCI requires C, 55-8; 
H, 3-6; Cl, 12-7%), identical with material obtained similarly from 6(or 7)-chloro-65 : 8-di- 
hydroxyquinoline, m. p. 164°, and the other provided soft, feathery needles of 5 : 8-diacetoxy- 
7(or 6)-chloroquinoline, m. p. 159—161° (Found: C, 55-4; H, 3-6%), from the same solvent. 

6-Chloro-5 : 8-dihydroxy-7-methviquinoline.—7-Methylquinoline-5 : 8-quinone (1:5 g.) was 
boiled with concentrated hydrochloric acid (15 c.c.) for 5 min. After several days the 
precipitate (1-6 g.) was collected. Crystallisation from methanol-ether gave bright yellow 
needles of the (probably hydrated) hydrochloride, m. p. 225° (decomp.) (Found: C, 46-1; H, 
4-2; N, 5:5; Cl, 26-3. Calc. for C,,H,O,NCI,HCI: C, 48-8; H, 3-7; N, 5-7; Cl, 288%). 
Concentration of the chloroform extract of a solution of the hydrochloride (1-25 g.) in water 
(800 c.c.) gave needles [0-7 g.; m. p. 165—166° (decomp.)], which appeared purple when 
collected. Less pure material remained in solution. 6-Chloro-5 : 8-dihydroxy-7-methylquinoline 
formed faintly purple needles, m. p. 167—-168° (Found: C, 56-4; H, 4-0; Cl, 16-9. C,,H,O,NCI 
requires C, 57-3; H, 3-9; Cl, 16-9%), from ether-light petroleum (b. p. 40—60°). 5: 8-Di- 
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acetoxy-6-chloro-7-methylquinoline formed needles, m. p. 209—210° (Found: C, 57-2; H, 4-0. 
C,,4H,,0O,NCI requires C, 57-2; H, 41%), from the same solvent. 

Bromination of Quinoline-5 : 8-quinone.—(For a full description see Long, Thesis, 
London, 1953. The following illustrates the type of behaviour encountered.) The quinone 
(0-5 g.) in carbon tetrachloride (25 c.c.) gave with bromine (0-2 c.c.) a deep red solution. With 
the separation of a yellow solid (0-95 g.) the colour disappeared, and recrystallisation of the 
product from aqueous methanol gave dull yellow crystals, m. p. ca. 240° (decomp.) (Found : 
C, 35-8; H, 1-0; Br, 50-1. Calc. for CSH,O,NBr,: C, 33-9; H, 1-6; Br, 50-1%). Crystallis- 
ation of the product from an identical experiment from methanol-light petroleum gave ochre 
granules, decomp. >300° (Found: C, 32-0; H, 1-7; Br, 51-7%), and this material formed from 
aqueous methanol a yellow-brown solid, m. p. ca. 220° (Found: C, 38-6; H, 1-5%). 

When 7-methylquinoline-5 : 8-quinone was similarly brominated, removal of the precipitate 
and concentration of the filtrate provided pale yellow prisms which were recrystallised 
from ether-light petroleum, to give slightly impure 6: 7-dibromo-6 : 7-dihydro-7-methyl- 
quinoline-5 ; 8-quinone, m. p. 120° (Found : C, 38-4; H, 2-4; N, 5-2. Calc. for C;gH,O,NBr, : C, 
36:2; H, 2-1; N, 4-2%). 

The addition of sodium acetate to the reaction solution during the bromination of 
quinoline-5 : 8-quinone gave a product intermediate in composition between a mono- and the 
di-bromo-compound. 

Anilinoquinoline-5 : 8-quinones.—Quinoline-5 : 8-quinone (4 g.), aniline (4 g.), and ethanol 
(60 c.c.) gave a deep red solution which was boiled for 4 hr. After 24 hr. acetic acid (5 c.c.) 
was added and dilution with water gave a red solid (3-9 g.). Crystallised from ethanol 
this gave as the less soluble component 6(or 7)-anilinoquinoline-5 : 8-quinone (1-2 g.) [dark 
red needles (with a copper sheen), m. p. 212° (Found: C, 67:9; H, 4:4. Calc. for 
C15H,gO.N2,H,O: C, 67-2; H, 45%); Fischer and Renouf (/oc. cit.) gave m. p. >190°], and as 
the more soluble isomer 7(or 6)-anilinoquinoline-5 : 8-quinone, which formed long red-black 
needles, m. p. 180—182° (Found: C, 70-5; H, 3-9. C,5H,,90O,N,,}H,O requires C, 70-8; H, 
3:9%), from methanol-ether-light petroleum. 

6-A nilino-7-methylquinoline-5 : 8-quinone.—7-Methylquinoline-5 : 8-quinone (1-7 g.), aniline 
(2-7 g.), and ethyl alcohol (30 c.c.), treated as above, gave by dilution after several days a 
red-black tar. This was set aside for some time, the aqueous layer was decanted, and the 
residue was crystallised from ether-light petroleum. 6-Anilino-7-methylquinoline-5 : 8-quinone 
formed crisp, dark-red needles (with a metallic sheen), m. p. 167—-169° (Found: C, 72-7; 
H, 4:2. C,,H,,O,N, requires C, 72-7; H, 46%). The hydrate separated from ethanol-ether 
as dark red crystals, m. p. 180° (Found: C, 68-1; H, 4-1. C,,H,,0O,N,,H,O requires C, 68-1; 
H, 5-0%). 

6-A nilino-1-propylquinoline-5 : 8-quinone.—Obtained as above, this quinone separated as 
dark red plates, m. p. 157—158° (Found: C, 72-6; H, 5-6. C,,H,,O,N,,}H,O requires C, 
72:5; H, 55%), from ether-light petroleum. 

Ultra-violet Light Absorption Data.—Extinction curves obtained for 6- and 7-methyl-, 
7-ethyl-, 6- and 7-propyl-, 6-butyl-, 2: 4-dimethyl-, and 6-hydroxy-7-propyl-quinoline-5 : 8- 
quinone, and 6-chloro-5 : 8-dihydroxy-7-methylquinoline, closely resembled those of analogous 
compounds figured above. For details see Long, Thesis, London, 1953. 
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803. Kinetics and Mechanism of Hydrochlorination of Synthetic 
and Natural Polyisoprene Latex. 


By Epwarp CRAMPSEY, MANFRED GORDON, and JAMES S. TAYLOR.» 


The kinetics of hydrochlorination of synthetic polyisoprene emulsions, 
prepared by new and simple methods, are studied for comparison with the same 
reaction of natural latex. Nearly identical zero-order rate constants apply 
to both substrates at 300° k and | or 2 atm. of hydrogen chloride, despite 
differences in the detailed structure of the polymers. The conclusion that 
the substrates are not concerned in the rate control follows, since the rates of 
chain reactions which might give zero-order constants are very sensitive to 
the detailed structure of the polymers. Two initial rate abnormalities are 
observed. The first is shown to be due to a fast surface reaction, and the 
second probably reflects the presence of a basic retarder in natural rubber 
particles only. Similar abnormalities of the cyclization reaction, reported 
earlier, are explained similarly. 

The effects of energetic factors and concentration on the hydrochlorination 
rate support visualization of the simple rate-determining step as: H* + Cl- 
—+ (H*, Cl-) (ion pair), where the proton is probably solvated as H,Cl*. 
The critical transition state must be uncharged, as the reaction rate is unaffected 
by achange in dielectric constant due to the conversion of rubber hydrocarbon 
into rubber hydrochloride. Existence of the ion pair as reactive intermediate 
confirms Gordon and Taylor’s recent stereochemical theories on hydrochlorin- 
ation of natural rubber. The rapid surface reaction is ascribed to the ready 
formation of ion pairs or similar species in the aqueous phase, and the limited 
range (about 15 A) of the surface reaction to the slow rate of diffusion of un- 
changed rubber units to the surface. 


As an aid to the elucidation of the mechanism of the hydrochlorination of Hevea rubber latex 
(van Veersen, Proc. 2nd Rubber Technol. Conf., 1948, p. 87) (for introductory paper see 
Gordon and Taylor, J. Appl. Chem., in the press), synthetic polyisoprene latices have been 
prepared and studied kinetically. The prime motive for this work was the desire to 
ascertain the effect on the hydrochlorination rate of a change in the chemical nature of the 
substrate. The variation of particle size in the synthetic latices, and the absence of the 
varied contaminants from which the natural latex cannot readily be freed, have led to 
effects which shed new light on the reaction. 

Apart from the non-rubber constituents present in natural latex, a stabilizer has to be 
added against acid coagulation. To this end we have used Vulcastab LW, a non-ionic 
ethylene oxide condensation product (marketed by Imperial Chemical Industries Limited), 
of whose concentration the hydrochlorination rate of natural latex has been shown to be 
independent (idem, loc. cit.). Simple emulsion-polymerization methods were, therefore, 
tried with this substance as the surface-active ingredient in the hope of preparing synthetic 
polyisoprene latex stable to subsequent acidification and reaction with hydrogen chloride. 
In view of the complexity of emulsion-polymerization methods recorded for isoprene 
(e.g., U.S.P. 1,896,491), it was with surprise that we found that suitable latices can be 
smoothly prepared without ingredients other than isoprene monomer, water, Vulcastab 
LW, and ammonium persulphate (catalyst). It is true that as much as 8% of Vulcastab 
LW, calculated on the isoprene, was found desirable and that some little coagulum formed 
even with this amount. However, the coagulum could readily be filtered off, and the latex 
was then of fine and uniform particle size. The latex was completely stable to acid and 
could not be flocculated by the usual technique of dilution with boiling water. Acetone 
was therefore used to coagulate the partially hydrochlorinated polymer at the end of each 
kinetic experiment. 

EXPERIMENTAL 

Two latices (I and II) were used for hydrochlorination studies. They had the respective 
compositions : isoprene 3-5, 4:0; water 1-5, 5-0; 20% Vulcastab LW in water 1-5, 1-5; and 
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ammonium persulphate 0-075, 0-085 g. They were sealed in soft-glass ampoules and shaken for 19 
hr. at 60° (latex I) and 4} hr. at 57° (latex II). The isoprene was from British Drug Houses Ltd., 
and the fraction, b. p. 34-5—35-5°, served for latex I. For latex II a broader fraction (34-5—37°) 
was taken. The accepted b. p. is 34:1°. Further purification of the isoprene was not deemed 
necessary, as the rate of the hydrochlorination was found to be practically independent of the 
nature of the rubber hydrocarbon (see below). The monomer remaining after polymerization 
was removed by blowing carbon dioxide over the warmed latex under a partial vacuum. The 
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main difference between the two latices was a three-fold reduction of particle size in latex II, 
attributed to the higher dilution with water and shorter polymerization. Each latex was 
diluted with a little water and then two-fold with concentrated hydrochloric acid, filtered 
through glass cloth, and stored in a corked bottle. 

The apparatus and procedure for hydrochlorination kinetics were those described by 
Gordon and Taylor (loc. cit.). Fig. 1 shows the calibration curve for the specific volume of the 
purified polymer against wt. % conversion, compared with a similar plot for natural rubber (see 
Discussion). By its means the wt. % (and hence the mole %) hydrochlorination was found for 
the polymer of each kinetic experiment from its density, measured in a diffusion gradient tube. 
Figs. 2 and 3 present the results of the kinetic experiments at 300° k and at 2 and 1 atm. 
respectively of HCl pressure. 

When the synthetic polyisoprene latices were acidified with an equal volume of concentrated 
hydrochloric acid, they became, unlike natural latex, of limited chemical stability. When it 
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was noted that points taken (full circles and full triangles) after a few weeks’ storage gave results 
markedly different from those obtained in the earlier kinetic experiments, the density of the 
supposedly unchanged polymer in latex I was redetermined. It showed an increase from 0-904, 
to 0-924,. This could be attributed to 7 mole % hydrochlorination, and a small amount of 
chlorine was found in the purified polymer. The kinetic evidence on this stored latex, however, 
suggests that some change other than hydrochlorination had also occurred. This is likely to be 
oxidation, against which Hevea latex is effectively protected by natural antioxidants, but to 
which the synthetic latex might well be sensitive. The lines drawn through the points in Figs. 
2 and 3 have the slopes and intercepts recorded in the Table. It will be noted that the slopes 
are all about 8% higher than those for natural rubber under the same conditions. This difference, 
though outside the experimental error, is almost negligible and is probably due to effects of the 
medium on the rate. 


DISCUSSION 
The density and kinetic measurements of the hydrochlorination of synthetic polyisoprene 
show interesting parallels with, and differences from, those of natural rubber latex. 


Slope of Slope of 
Intercept P ‘‘ retarded ’’’ Slope of main Intercept P “‘ retarded ’’ Slope of main 
in Fig. 2 line line in Fig. 2 line line 
(mole %) (mole %/hr.) (mole %/hr.) (mole %) (mole %/hr.) (mole % /hr.) 
Fig. 2 (2 atm. of HCl). Fig. 3 (1 atm. of HCl). 
Natural (Hevea) latex 2-0 14 47-5 2°5 1-5 5-2 
Synthetic latex I ...... 6-25 None 51 — —_ — 
Synthetic latex II... 20-0 None 51 23 None 5-6 


Density Measurements.—Samples of latex I polymer gave the plot of specific volume 
V against composition shown in Fig. 1. This is of the type explained by the “ ideal co- 
polymer ” theory (idem, ibid., 1952, 2, 493) and is very similar to the analogous plot for 
butadiene-styrene copolymers, if styrene is imagined to take the place of a hydrochlorinated 
unit. Preliminary measurements in this laboratory confirm that the kink in the plot (Fig. 
1), around 80 wt. % hydrochlorination, is associated with the composition having its second- 
order transition at the temperature (300° k) concerned. The equation for the “ rubbery ”’ 
line of the plot is : 

V =: F306 — OOORER, ee eee 


where c, is the wt. % of hydrochlorinated units. For natural rubber and its hydrochloride, 
the ‘‘ rubbery ” line is almost identical (V = 1-106 — 0-00230c,), but deviates markedly 
downwards at high c,. The deviation is due to the crystallinity (van Veersen, loc. cit.) of 
the hydrochloride of natural rubber. Synthetic polyisoprene hydrochloride has previously 
been found to be amorphous (D’Ianni, Naples, Marsh, and Zarney, Ind. Eng. Chem., 1946, 
38, 1178), and this was confirmed by us by electron diffraction as well as by the “‘ ideal ”’ 
shape of the plot in Fig. 1. The packing aspects of this plot will be discussed elsewhere. 
Latex II gave a starting polymer (c, = 0) of slightly lower specific volume, viz., 1-098 
instead of 1-106. Equation (1) was adjusted accordingly when computing c, from the 
density, and a similar parallel displacement made for the “ glassy” line. The effect is 
likely to reflect the inclusion of small amounts of a higher-boiling fraction (see p. 3926) as 
a contaminant of the isoprene. 

Kinetic Measurements.—In the light of the following facts synthetic polyisoprene is to be 
regarded as a different substrate from natural rubber in the hydrochlorination reaction. 
D’Ianni (Ind. Eng. Chem. 1948, 40, 253) found that only 88—90% of the units were poly- 
merized by 1 : 4-addition in isoprene emulsion polymer, so that 10—12% were probably 
in the 1 : 2- or 3: 4-forms scattered along the polymer chain. Richardson and Sacher (J. 
Polymer Sci., 1953, 10, 353) confirmed this by infra-red analysis, since for a typical per- 
sulphate-catalysed emulsion polyisoprene they found 5% of 1: 2- and 5% of 3: 4-units. 
Moreover, 72% of the units were in the frans-state and only the remaining 18% were cis- 
isoprene units as found in natural rubber. (¢rans-Units also predominate over cis in 
synthetic polybutadiene (Hart and Meyer, J. Amer. Chem. Soc., 1949, 71, 1980). Synthetic 
polyisoprene thus differs from rubber as a substrate in that it does not consist predominantly 
of long sequence of c7s-units in 1 : 4-addition, The irregularity of the structure of poly- 
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isoprene is reflected in the non-crystalline nature of its hydrochloride mentioned above. 
A comparative discussion of the hydrochlorination kinetics of the two substrates centres on 
the initial “ jump ”’ in the rate curves, the retardation effect, the main straight-line portion 
of the rate curves, and the total conversion which is asymptotically reached. 

Extrapolation of the relevant straight-line portions to the composition axis reveals 
(Fig. 2) that different percentages (P) of the total polymer are involved in the “ initial 
jump ” under comparable conditions (2 atm.), viz., 2% of the natural rubber, 6-25% of 
latex I, and 20% of latex II units. In principle this fast reaction could be due to the 
presence of corresponding percentages of units either with a chemically more reactive 
structure, or lying at a site favoured for reaction. Correlation of P with the surface-average 
particle size, measured by the electron-microscope, proves that the fast units lie within 
15 A of the particle surface. This proof that the initial jump is a surface reaction, which 
implies that the subsequent main part of the hydrochlorination occurs in the bulk of the 
polymer particles, will be published in detail elsewhere. 

The “ retardation ” effect in natural rubber latex, which leads toa slow linear rate before 
the full rate is suddenly attained (Fig. 2), is entirely missing in synthetic polyisoprene. 
This confirms that the effect is not an essential part of the hydrochlorination mechanism, 
and lends much support to the suggestion already made tentatively (Gordon and Taylor, 
loc. cit.) that a special retarding substance is present inside the natural latex particle. 
Indeed, the surface reaction and the retardation effect in natural latex hydrochlorination 
exposed in this paper explain satisfactorily observations on the cyclization kinetics of the 
same substrate, in which an initial ‘‘ jump ”’ followed by a retarded rate were also found 
(Gordon, Proc. Roy. Soc., 1951, A, 204, 570): these initial-rate abnormalities were not then 
explained, apart from a reference to possible diffusion effects. The two reactions are 
thought to go through a common intermediate (Gordon and Taylor, Joc. cit.) and their 
rates are both very sensitive to acid concentration. This suggests the presence of some 
basic substance in Hevea latex particles, which until it is neutralized or destroyed, 
diminishes both rates by diminishing the prevailing acidity. 

The full (unretarded) zero-order rates of hydrochlorination of natural rubber latex are 
reproduced with synthetic polyisoprene (to about 8% accuracy) in the two runs at 300° k 
and at 2 atm. of HCl, and the one run of four points taken at the same temperature and 1 atm. 
of HCl (Table ; Figs. 2 and 3). The decrease in rate between the two pressures is given by 
a factor of 9-1 within experimental error with both substrates. 

The zero-order kinetic law may be explained a priori by either of two opposing 
hypotheses : (i) The rate-determining step involves the polymer, but the disappearance of 
the polymer units due to hydrochlorination leaves the rate unaffected for special reasons of 
compensation, such as might arise in a chain-reaction mechanism. (ii) The rate-controlling 
step involves only species derived from hydrogen chloride, and possibly water, whose 
concentrations are maintained constant during each run in the surrounding aqueous phase. 

Since stereochemical considerations lead to the postulate (idem, ibid.) of a chain reaction 
for the hydrochlorination of natural latex, we need to discuss (i) in some detail. The 
discussion will show that this hypothesis is hardly tenable, since any zero-order rate 
obtained will be sensitive to the number or kinetic length of the chains involved, which in 
turn will be sensitive to the detailed structure of the polymer and could hardly survive 
unchanged a change of substrate from rubber to polyisoprene. Zero-order laws can arise 
in the following two fundamental types of chain mechanisms : 

(la) Life-time of reaction chain comparable with total reaction time. A long linear portion 
of the rate curve, followed by a rounded portion leading to asymptotic decay, may be 
observed. A relevant plot is given by Jellinek (J. Polymer Sci., 1952, 9, 369, Fig. 2) in 
connection with certain degradation mechanisms of vinyl polymers, and such a plot could 
readily be fitted to our results on the main hydrochlorination of rubber and polyisoprene. 
The straight-line portion must then be the result of a constant number of reaction chains, 
started simultaneously at the beginning of the reaction, and propagated with constant 
average rate. The initiation must be at chemically privileged units of the polymer, and 
the propagation must pass along the polymer chain. The privileged units must be very 
evenly spaced, to ensure a constant length of polymer, and thus a constant kinetic chain 
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length, between them. (In particular, since the polymer chains in rubber are far from 
constant in length, the privileged units for activation cannot merely be end units.) The 
kinetic chain length must be about thirty units or more. If these conditions do not apply, 
the linear portion of the rate curve will be much shorter than was observed. (Of course 
the rounded portion at the end is due to the fact that the chains, though initiated simul- 
taneously and of even chain-length, will not die simultaneously. Their life-time would be 
governed by a Poisson-type distribution, because propagation is subject to the hazard of 
random encounters.) While we earlier entertained the theory that a small number of 
evenly spaced, chemically active, initiating groups might be present in natural rubber, the 
same number and spacing of such groups cannot also be characteristic of the synthetic 
polymer, so that mechanism (la) has to be abandoned. 

(1b) Life-time of reaction chain small with respect to total reaction time. The following 
equation would apply : 

Overall rate = Initiation rate x Kinetic chain length 


By constancy of the two factors on the right (as in certain photochemical experiments), 
or by their reciprocal variation, a linear rate law may be achieved. Both factors would 
again depend critically on the detailed structure of the polymer units, so that it is again 
impossible to understand how the same constant rate could be obtained for the natural and 
the synthetic polymer. It is thus clear that the presence of a chain reaction magnifies the 
sensitivity of what is always the most searching test for non-participation of the substrate 
in the rate-control, viz., an actual change in substrate. An example of the application of 
this test from the field of reactions of inorganic acids with organic substrates is found in 
the zero-order nitration, explained by Hughes, Ingold, and Reed (/J., 1950, 2410) as con- 
trolled by the rate of the reaction O,N-tOH —» O,N* + OH-. 

Next, having rejected the possible schemes (la and 8) for intervention of the substrate, 
we require to seek, in accordance with hypothesis (ii) above, for a rate-determining step 
involving only the hydrochloric acid (and possibly water) for the hydrochlorination of our 
two substrates. 

Nature of the Rate-controlling Step.—The rate of this step will follow the fundamental 
Bronsted equation : 

Rate = haMa,* 2... fe so Oo oe ae mega 


where the a’s are the activities of the colliding species and fy is the activity coefficient of the 
transition state. The reaction takes place in the hydrocarbon phase and probably between 
ions, as will be shown. It thus falls into a class of reactions for which there is little know- 
ledge to draw on. A concrete suggestion as to the nature of the step emerges from the 
temperature and concentration effects so far measured, but full proofs remain the subject 
of further study. 

The partial pressures of water (almost negligible) and hydrogen chloride being constant 
for each kinetic run, the activities of all species which are in equilibrum with these vapours 
will likewise remain constant. The rate-controlling step must produce a highly reactive 
spectes (cf. NO,* for nitration), immediately taken up by the rubber substrate, from certain 
precursors (cf. O,N-OH for nitration). The precursors are here in diffusive equilibrium with 
the aqueous and hence with the vapour phase, as otherwise the a’s in equation 2 would vary 
and zero-order rate plots would not be obtained over wide ranges of temperature and acid 
pressure. If the precursors can be maintained in diffusive equilibrium across the rubber- 
particle surface, the same must be true of neutral, covalent hydrogen chloride molecules, 
which are the stable dissolved species of the acid in hydrocarbon media. This is confirmed 
by the finding (Wynne Jones, /., 1930, 1064) that the small amount of hydrogen chloride 
dissolved in benzene (saturated with water) at 25° follows Henry’s linear law of pressure versus 
mole fraction. The slope of the line, incidentally, lies well below 50% of that for Raoult’s 
law, thus showing that the solution is not a completely ideal one. If hydrogen chloride 
molecules are in diffusive equilibrium with the aqueous phase, they cannot constitute the 
reactive species formed in the rate-determining step, whose equilibrium must be completely 
upset by the fast reaction with rubber. If the reactive species were in diffusive epuilibrium 
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with the aqueous phase, the rate of latex hydrochlorination (g. of HCl per c.c. of latex per 
sec.) would be independent of the rubber concentration, instead of proportional to it (z.e., 
the rubber would behave like a dissolved species in the zero-order reaction, not like a separate 
phase). 

Another important conclusion follows from the constancy of the rate between about 
20 and 80% hydrochlorination. According to equation (2), fp as well as the a’s must be 
constant, and this despite the considerable change in the reaction medium (particularly 
the dielectric constant) occurring as rubber is progressively converted into its hydrochloride. 
This constancy of fy must mean that there is no net charge on the transition state which 
converts the precursors into the reactive species. 

The unknown true activation energy of hydrochlorination may be expected to be 
considerable (say, >15 kcal.), since a H-Cl bond has to be broken and a C=C converted into 
aC-Cbond. The apparent energy of activation at constant activity (pressure) of hydrogen 
chloride is an appreciably negative quantity, —6 kcal. on an average for natural rubber at 
1 atm. between 0° and 27°. Sucha decrease in rate with rising temperature is generally to be 
explained as due to a pre-equilibrium, producing reaction precursors exothermally, and thus 
(by le Chatelier’s principle) reducing their activities in equation (2) with rising temperature. 
It is not likely that the pre-equilibrium, with an exothermic forward reaction, which concerns 
us is merely the dissolution of hydrogen chloride gas in the polymer particles, as the heat of 
dissolution can hardly be large enough to depress the apparent activitation energy so 
markedly. If hydrogen chloride were an ideal solute in rubber, we should equate this 
heat of solution to its heat of condensation (into pure liquid HCl), viz., about 3-5 kcal. Even 
if the true value were twice as great, and two separate HCl molecules were reyuired as 
precursors, the resulting depression of the activation energy, 2 x 2 x 3-5 = 14 kcal., 
falls well below the expected range. It is thus likely that the effect of a chemical equilib- 
rium is superimposed on the dissolution equilibrium, thus subtracting a further substantial 
heat of reaction from the heat of formation of the actual precursors in the polymer phase, 
and thus adding it to the activation energy. This suggests that the precursors are ionic, 
for un-ionized derivatives of hydrogen chloride would hardly be substantially exothermic. 
The heat liberated in the formation of ions may be called “ heat of solvation,” but little is 
known about the nature of ion solvation in wet hydrocarbon media. 

The various strands of evidence combine to suggest that the rate-controlling step is the 
formation of an uncharged, but not covalent, form of hydrogen chloride from ionic precursors. 
This means that a neutralization step creates an “ion pair’ as the reactive species which 
combines with the rubber. Disregarding solvation, we write this : 

eS ee eS of 

In water, H* is known to be solvated as H,O*, but the high dependence of the iso- 
thermal rate of hydrochlorination of rubbers on hydrogen chloride pressure favours the 
assumption that H,Cl* is concerned as the positively charged precursor in the rubber phase. 
(The concentration of H,Cl* will be governed by an acidity function Hy. We hope to discuss 
this later, as acidity-function measurements are being extended to our concentration range 
in this College at present.) Reaction (3) may thus prove to be more correctly written : 


a es gh gO. a 


The right-hand side of (4), as regards the formation of a reactive ion pair, is more certainly 
indicated by our present kinetic evidence than the precise nature of the precursors on the 
left. Since the main barrier in the overall addition of gaseous hydrogen chloride to rubber 
must be the breaking of the H—Cl bond, and since ion pairs are familiar species in media of 
low dielectric constant, the reactive species proposed may be accepted with considerable 
confidence: it presents the rubber with the elements of hydrochloric acid, but with the 
covalency broken. Fig. 4 sketches qualitatively the possible energy levels for the early 
steps in the hydrochlorination reaction, up to the reactive ion pair (which converts an iso- 
prene unit into its hydrochloride very quickly). This sketch brings out the fact that the 
observed activation energy E is negative and constant, leading to a constant rate inde- 
pendent of reaction progress at each temperature, while the true activation energy AH* is 
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positive and may vary with the reaction progress. Although the energy level of the 
ionic precursors should drop as the dielectric constant of the polymer increases owing to the 
hydrochlorination progress, the level of the transition state 7, which bears no net charge, 
remains unaffected. It is to this fortunate circumstance that we owe any understanding of 
this complicated reaction. Fig. 4 implies that the formation of rubber hydrochloride from 
gaseous hydrogen chloride and rubber must be exothermic to at least the extent of the 
observed energy of activation (6 kcal.), since the energy level of rubber hydrochloride must 
lie below that of the transition state 7. According to reaction (4), this state will not differ 
greatly from two hydrogen chloride molecules in collision, which agrees well with its 
observed energy level 6 kcal. below the gas, since this represents closely the level of two 
hydrogen chloride molecules regarded as an ideal solute (about 7 kcal. below the gas). 

In the aqueous phase ion pairs might well be formed very much more rapidly than in 
the polymer, thus accounting for the fast initial surface reaction. For the chain reaction 
proposed on stereochemical grounds for the latex hydrochlorination of natural rubber 
(Gordon and Tayler, J. Appl. Chem., in the press), it has been pointed out that the hydrogen 
chloride must react in a form bearing no net charge with the chain-carrying rubber units, 
in order to leave their charge-type unchanged. The deduction of an ion pair as the 
reactive species, based in particular on the constancy of fy with reaction progress, is a 
welcome confirmation of this. However, according to the nature of the rate control re- 
vealed in this paper, no other contact between Gordon and Taylor’s stereochemical theory 
and the kinetic data obtained to date can emerge; since the rate-controlling step (4) is 
merely a preliminary to the attack on the rubber, the kinetics are equally compatible with 
reaction chains passing along the polymer molecules, and with non-chain (random) mechan- 
isms. If the specific chain mechanism proposed by Gordon and Taylor for natural rubber 
is correct, very different reaction steps are likely to succeed the controlling step (4) in rubber 
and in synthetic polyisoprene, because of the structural differences mentioned earlier. 
All succeeding steps must, in the light of the observed kinetics, occur rapidly with respect 
to the life-time of the reactive ion pair. 

Total Attainable Conversion.—In the past, the hydrochlorination reaction of natural 
and synthetic rubber has alw.. ‘s fallen short of stoicheiometric conversion, when judged 
by the chlorine content of the final product. This is of technical importance, because the 
unchanged double bonds in rubber hydrochloride constitute a source of weakness, ¢.g., in the 
ageing characteristics of packaging films. Van Veersen (loc. cit.) obtained higher conver- 
sions (up to 98-7 mole ¥%) from his natural-latex process than is obtainable in solution 
(usually not more than 90%). The same is evidently true, to an even greater extent, for 
synthetic polyisoprene, since we readily obtain 99-5%, conversion with our latices, which is 
within experimental error of complete conversion. D’Ianni (loc. cit.), working with this 
substrate in solution, did not obtain more than 83% hydrochlorination and ascribed this 
to the unreactive nature of vinyl groups resulting from 1 : 2-addition. The high conversion 
we register with our latices, despite the variable nature of the isoprenic groups present, 
shows that they all react readily with the reactive form of HCl (interpreted as an ion pair) 
formed in the latex process. Moreover, it confirms that the incomplete hydrochlorination 
obtained in other processes with various rubbers is not attributable to thermodynamic 
reversibility of the reaction. Our results to date are consistent with the explanation of the 
premature arrest of the natural latex hydrochlorination in terms of increasingly difficult 
diffusion of hydrogen chloride through the large and increasingly crystalline particle. 
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804. The Chemistry of FExtractives from Hardwoods. Part XIV.* 
The Constitution of Jacareubin, a Pyranoxanthone from Calophyllum 
brasiliense. 


By F. E. Kine, T. J. Kine, and L. C. MANNING. 


A yellow colouring-matter, jacareubin, C,,H,,0,, has been extracted from 
the wood of Calophyllum brasiliense. The compound contains a reactive 
double bond, and its trimethyl ether can be oxidised to a dicarboxylic acid, 
C,,H_ 019, which when hydrolysed with boiling hydrobromic acid yields 
«-hydroxyisobutyric acid. Simultaneously, the nucleus is demethylated and 
decarboxylated to give a tetrahydric phenol, C,,H,O,, also obtained directly 
from jacareubin by alkali fusion and identified by synthesis as 1:3: 5: 6- 
tetrahydroxyxanthone. A pyranoxanthone structure is thus attributable 
to the natural product, which from its formation of a methylene ether 
and from the chelate character of the remaining hydroxyl group is regarded 
as 1: 5: 6-trihydroxy-2’ : 2’-dimethylpyrano(5’ : 6’-2: 3 or -4: 3)xanthone. 


THE tropical American tree Calophyllum brasiliense Camb., family Guitiferae, produces a 
strong and durable timber which is available commercially and known as Santa Maria or 
jacareuba. The heartwood varies from pink to light mahogany in colour, but on close 
examination of a typical commercial specimen it was observed that the minute deposits 
within the cavities were occasionally bright yellow. The crude colouring matter can be 
obtained from the powdered wood by ether-extraction with or without previous treatment 
with boiling light petroleum. From it a deep yellow crystalline constituent, C,,H,,0,, 
has been isolated which we have called jacareubin. 

Jacareubin yields a triacetate and, from its formation with diazomethane of a dimethyl 
ether having a pronounced ferric reaction, it was evident that all three hydroxyl groups were 
phenolic. More vigorous treatment, with methyl sulphate—potassium carbonate, was required 
in order to prepare atrimethylether. A Zeisel estimation showed that the parent compound 
is devoid of simple alkyloxy-groups, and it does not possess carbonyl reactions. Reduc- 
tion to a dihydro-derivative by catalytic hydrogenation therefore implied the presence of 
an olefinic bond, and the oxidation of trimethyljacareubin with potassium permanganate 
in acetone to a dicarboxylic acid of identical carbon content, trimethyljacareubic acid, 
Cy;H 9019, proved the double bond to be part of a cyclic structure. The action of boiling 
hydrobromic acid on trimethyljacareubic acid liberated «-hydroxyisobutyric acid, identified 
by comparison of its crystalline #-bromophenacy] ester with an authentic specimen. These 
results are consistent with the degradation of a 2 : 2-dimethylpyran nucleus, the reactions 
following the course shown by the partial formule (A) to (C). 


Oo O EG: 


a ¢ Me, KMn0, / \eMe; HBr \/ 5 \eMe, 
Ss ee | : 
Af H we CO,H - Ff O,H 
ch CO,H CO,H 
(A) (B) (C) 


The principal hydrolysis product of trimethyljacareubic acid was, however, no longer 
a carboxylic acid but consisted of a tetrahydric phenol, C,,H,O,, both decarboxylation and 
demethylation having occurred during the treatment with hydrobromic acid. With 
diazomethane the new phenol yielded a trimethyl ether of which an acetyl derivative was 
prepared. The trimethyl ether exhibited a marked ferric reaction, and a tetramethyl 
derivative resulted only from the use of more vigorous methylation conditions. 

Further indications of the 2 : 2-dimethylpyran nucleus were obtained from the fusion 
of jacareubin with alkalis: acetone distilled from the mixture, this being a well-known 
feature of the 2 : 2-dimethylpyran series. The alkali-soluble residue consisted of the same 
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tetrahydric phenol, C,,H,O,, as was derived from the hydrolysis of trimethyljacareubic 
acid. 

When trimethyljacareubic acid was heated in quinoline with a copper catalyst, which 
by analogy with the behaviour of similar compounds, ¢.g., the isomeric tephrosincarboxylic 
acids (Clark, J. Amer. Chem. Soc., 1932, 54, 3000), was expected to eliminate the a-hydroxy- 
tsobutyryl residue, decarboxylation accompanied by demethylation of a methoxyl group 
also took place. The product, C,;H,.0,, was thus a hydroxy-dimethoxy-compound and 
its relation to the phenol C,,H,O, was shown by their formation of identical fully methylated 
derivatives. The pyrolytic decomposition of trimethyljacareubic acid is therefore similar 
to that of acronycinic acid [an oxidation product of acronycine, 4-methoxy-2’ : 2’: N- 
trimethylpyrano(5’ : 6’-1 : 2 or -2 : 3)acridone], which by the loss of «-hydroxyisobutyryl, 
carboxyl and an O-methyl group yields 2 : 4-dihydroxy-N-methylacridone (Brown, Drum- 
mond, Lahey, and Thomas, Austral. J. Sct. Res., 1949, A, 2, 622). 

From its molecular formula and the inert character of its remaining oxygen atoms there 
was little difficulty in recognising the tetrahydric phenol, C;,H,O,, as a derivative of 
xanthone. The diminished reactivity of one of the hydroxyl groups was accordingly 
explicable on grounds of chelation, thus enabling it to be located at the 1-position. More- 
over, both jacareubin and dihydrojacareubin gave, with boroacetic anhydride-acetic 
anhydride, complexes which when treated with water yielded diacetyl derivatives exhibiting 
strong ferric reactions. An examination of the infra-red absorption of both dimethyl- and 
trimethyl-jacareubin in chloroform solutions, kindly carried out by Dr. M. St. C. Flett by 
arrangement with Dr. M. A. T. Rogers, Imperial Chemical Industries Ltd., showed no 
bands characteristic of unbonded hydroxyl] groups. 

Cl 
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Further evidence concerning the disposition of the remaining hydroxyl groups was 
obtained by the preparation from jacareubin of a methylene ether, thus proving two of 
them to be ortho to each other. Moreover, it was apparent from the yellow colour of the 
product and from its marked ferric reaction that the chelated hydroxyl was not one of 
those concerned in methylene ether formation. The fourth hydroxyl group, 1.e., that 
formed with the destruction of the dimethylpyran ring, was tentatively considered to be 
part of a phloroglucinol nucleus, the lability of the aromatic carboxyl group in trimethyl- 
jacareubic acid evident in its various reactions being characteristic of a 2: 4- or 2 : 6-di- 
hydroxybenzoic acid and especially of phloroglucinolcarboxylic acid. If a phloroglucinol 
nucleus is in fact present in jacareubin, then the possible structures of the tetrahydroxy- 
xanthone are thereby restricted to (I) and to two others, (II) and (ITI) in which the vicinal 
hydroxyl groups are respectively at the 6: 7- and the 7 : 8-positions. An account of the 
synthesis of several tetrahydroxyxanthones, including (I) and (II), has been published by 
Tanase (J. Pharm. Soc. Japan, 1941, 61, 341), but the article, written in Japanese, was not 
available in Gt. Britain, nor does it appear to have been abstracted. We are greatly 
indebted to Professor S. Hattori, Tokyo University, for a translation of the experimental 
section of the memoir, in which the general method is illustrated by several examples. 
Few details are recorded for the relevant xanthones (I) and (II), but the melting point of 
1-hydroxy-3 : 5 : 6-trimethoxyxanthone was observed to correspond with that of the 
trimethyl ether of the xanthone C,,H,O,. 1:3: 5: 6-Tetrahydroxyxanthone was there- 
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fore synthesised by the method employed by Tanase (loc. cit.) from phloroglucinol and 
pyrogallol-a-aldehyde in acetic acid containing aqueous hydrochloric acid. The resulting 
xanthylium chloride (IV) was then converted into its anhydro-base which was reduced in 
acetic anhydride with zinc dust to the corresponding tetra-acetoxyxanthen (V), the 
xanthone (I) being obtained by oxidation with chromic acid and hydrolysis. Comparison 
of the appropriate derivatives thereupon confirmed the identity of the compound C,,H,Og. 
Since two of the hydroxyl groups in jacareubin are ortho to each other and the third is 
chelated with the carbonyl group, it follows that the natural product is 1 : 5 : 6-trihydroxy- 
2’ : 2’-dimethylpyrano(5’ : 6’-2:3 or -4:3)xanthone, (VI or VII). As with the very 
similar pyranoacridine alkaloid acronycine already mentioned, it has not been possible to 
decide between these alternative structures (cf., however, Brown, Austral. J. Sct. Res., 
1950, A, 3, 607, footnote). 

The discovery of jacareubin introduces yet another example of a naturally occurring 
heterocyclic system (pyranoxanthone) incorporating the 2: 2-dimethylpyran nucleus. 
Others include the simple dimethylbenzopyrans, e.g., evodione (Wright, J., 1948, 2005), 
the dimethylpyrano-coumarins, e¢.g., xanthyletin (Bell, Bridge, and Robertson, /J., 1937, 
1542) and xanthoxyletin (Robertson and Subramaniam, J., 1937, 286), -acridone, acrony- 
cine (Brown et al., 1949, loc. cit.), -isoflavones, osagin and pomiferin (Wolfrom, Harris, 
Johnson, Mahan, Moffett, and Wildi J. Amer. Chem. Soc., 1946, 68, 406), and -chromano- 
chromanones, deguelin, tephrosin, and toxicarol. 


EXPERIMENTAL 


Isolation of Jacareubin.—The wood, obtained commercially, was examined by Mr. B. J. 
Rendle, D.S.I.R. Forest Products Research Laboratory, to whom we are grateful for the follow- 
ing report. ‘‘ Calophyllum is a large genus of many species difficult to distinguish anatomically. 
In this case I can only say that it is a species of Calophyllum, Jacareuba from Brazil is the only 
species of Calophyllum currently imported in quantity so there is a strong presumption that 
your material is correctly named.”’ 

The coarsely powdered heartwood (3-5 kg.) was extracted by continuous percolation with 
boiling ether for 24 hr. The solvent was then evaporated and, by treating the residue with 
boiling light petroleum, a friable red-brown solid (24—-25 g.) was obtained. When a solution of 
the solid (5 g.) in acetone was concentrated to 20 c.c. crystalline jacareubin was deposited during 
1—-2 weeks but the compound was more conveniently obtained by dissolving the crude extract 
(18 g.) in a mixture of acetone (300 c.c.) and acetic acid (50 c.c.); evaporation under reduced 
pressure to 60 c.c. gave within 3 hr. a precipitate which when crystallised from methanol yielded 
jacareubin (8 g.) of m. p. 250° (decomp.). Repeated crystallisation from methanol gave the 
pure product as bright yellow prisms, m. p. 256—257° (decomp.) [Found: C, 65-9, 66-0; H, 
4-3, 4-69; M, (Rast) 294, (X-ray diffraction) 1287/n. C,,H,,0O, requires C, 66-25; H, 4:3%; 
M, 326}. For the X-ray molecular-weight estimation the authors are indebted to Dr. S. C. 
Wallwork. Light absorption in ethanol: max. at 2400 (« = 12,200), 2790 (¢ = 40,200) and 
3340 A (ec = 18,200). Jacareubin dissolved readily in hot acetone, ethyl acetate, and simple 
alcohols, and sparingly in ether, chloroform, and benzene. Its ferric reaction in ethanol is 
green; with sodium amalgam-ethanol it gives a purple-violet colour changed by acid to cherry- 
red, the latter similar to that produced by magnesium—hydrochloric acid. With zinc—acetic 
acid a red-brown colour results. Solutions of jacareubin in strong acids are yellow to yellow- 
orange and in alkalis red-brown and darkening in air. Tyriacetyljacareubin (prepared with acetic 
anhydride—pyridine) separated from methanol in feathery needles, m. p. 212—213° (Found: 
C, 63:7; H, 4:6. CyyH, gO, requires C, 63-7; H, 4:5%). 

O50%-Dimethyljacareubin.—Jacareubin (1-5 g.), dissolved in methanol (20 c.c.), was treated 
at 0° with ethereal diazomethane and after 8 hr. the excess of reagent was destroyed with acetic 
acid. When concentrated to 20 c.c. the solution deposited O50%-dimethyljacareubin which 
crystallised from methanol in bright yellow iridescent long rectangular plates (1-2 g.), m. p. 
191—192°, having a green ferric reaction in ethanol (Found, in a sample dried at 120° in vacuo : 
C, 67-8; H, 5-3; OMe, 17-8. C,9H,,0, requires C, 67-8; H, 5-1; 20Me, 17-5%). 

OOO-Trimethyljacareubin.—With methyl sulphate and potassium carbonate in boiling acetone 
(6 hr.) jacareubin (5 g.) yielded the trimethyl ether which crystallised from methanol (300 c.c. ; 
charcoal) in needles (4-5 g.), m. p. 182—-183° (Found: C, 68-5; H, 5-5; OMe, 24-5. C,,H OO, 
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requires C, 68-5; H, 5-5; 30Me, 25-3%). The product gave no ferric reaction and did not 
react with acetylating agents. 

Dihydrojacareubin.—A solution of jacareubin in ethanol containing palladised charcoal 
absorbed hydrogen at room temperature and pressure equivalent to 1 mol. The liquid was 
heated to boiling and filtered, and the dihydrojacareubin which later separated was recrystallised 
from methanol; it formed dull yellow prisms, m. p. 245° (decomp.) (Found: C, 65-7; H, 4-9. 
C,3H,,0, requires C, 65-85; H, 4-9%). A solution in methanol treated with ethereal diazo- 
methane gave dihydro-OO-dimethyljacareubin, bright yellow lath-shaped crystals (from methanol), 
m. p. 138—139°, having in ethanol solution a dark green ferric reaction (Found, in a specimen 
dried at 120° in vacuo: C, 67-8; H, 5-7; OMe, 16-2. C,9H,.O, requires C, 67-4; H, 5-7; 20Me, 
17-4%). 

0105O%-Trimethyljacareubic Acid.—A solution of trimethyljacareubin (5 g.) in boiling 
acetone (300 c.c.) was treated during 8 hr. with powdered potassium permanganate (12 g.). The 
mixture was cooled and the solid collected and stirred with water (200 c.c.). Treatment of 
the aqueous solution with sulphur dioxide precipitated O105O$-trimethyljacareubic acid which 
crystallised from aqueous methanol in rosettes of needles (4-9 g.), m. p. 249° (decomp.; rapid 
heating) (Found, in a sample dried in vacuo at 120°: C, 58-2; H, 4-6; OMe, 21:4%; equiv., 
219. C,H gO» requires C, 58-3; H, 4:7; 30Me, 21-5%; equiv., 216). The dimethyl ester, 
prepared with diazomethane, crystallised from methanol in needles, m. p. 186—187° (Found, in 
a sample dried in vacuo at 120°: C, 60-0; H, 5-1; OMe, 33-0. C,,;H,,O,9 requires C, 60-0; 
H, 5-25; 50Me, 33-6%). 

Hydrolysis of Trimethyljacareubic Acid.—Trimethyljacareubic acid (5 g.) was refluxed with 
hydrobromic acid (150 c.c.; d 1-42) until dissolved (14 hr.). After further heating (4 hr.) the 
solution was cooled and diluted with water, and the crystalline precipitate collected. Recrystal- 
lised from methanol it gave 1:3: 5: 6-tetrahydroxyxanthone (2-85 g.) in pale yellow needles, 
m. p. ca. 310° (decomp.) (Found: C, 60-2; H, 2-6. C,;H,O, requires C, 60-0; H, 3-1%). The 
ferric reaction of the xanthone in ethanol was green. With acetic anhydride—pyridine 1 : 3: 5: 6- 
- tetra-acetoxyxanthone was obtained, and it crystallised from acetone—methanol in colourless 
fibrous needles, m. p. 246° (decomp.) (Found: C, 58-8; H, 4-0. C,,H,.O049 requires C, 58-9; 
H, 3-8%). Methylation of the tetrahydroxyxanthone with diazomethane in ether—methanol 
gave the 3: 5: 6-trimethyl ether, yellow lath-shaped prisms (from methanol), m. p. 181—182° 
(Found: C, 63-4; H, 4:3; OMe, 29-3. C,,H,,O, requires C, 63-6; H, 4:7; 30Me, 30-8%). 
The trimethyl ether acetate crystallised from methanol in colourless prisms, m. p. 147—-148° 
(Found: C, 62-9; H, 4-8; OMe, 27-4. C,,H,,O0, requires C, 62-8; H, 4:7; 30Me, 27-0%). 

The diluted acid solution from which the xanthone had been precipitated was saturated with 
ammonium sulphate and exhaustively extracted with ether. The ethereal solution was washed 
with a little saturated aqueous ammonium sulphate and mixed with water (100 c.c.), and the 
ether was evaporated. The residual aqueous solution was neutralised with 0-]N-sodium hydr- 
oxide (phenolphthalein), and treatment with p-bromophenacyl bromide (0-8 g., 75% theory) 
and sufficient ethanol to form a clear solution at the b. p. gave after 1 hr.’ refluxing p-bromo- 
phenacyl «-hydroxyisobutyrate. The ester could be crystallised from aqueous methanol or light 
petroleum (b. p. 80—100°) and formed needles, m. p. 155—157° alone or mixed with a specimen 
prepared from synthetic «-hydroxyisobutyric acid (Bargellini, Gazzetta, 1906, 36, II, 337) (Found : 
C, 47-6; H, 4:1; Br, 25-0. C,.H,,0,Br requires C, 47-9; H, 4:35; Br, 26-5%). 

Alkali Hydrolysis of Jacareubin.—(a) A solution of jacareubin (0-2 g.) in 33% aqueous potas- 
sium hydroxide (10 c.c.) was heated on a steam-bath for 8hr. After the addition of water (200 
c.c.) the mixture was concentrated, a distillate of 100 c.c. being collected. The 2: 4-dinitro- 
phenylhydrazone (0-015 g.), precipitated by a 2% solution of the reagent (50 c.c.), had m. p. 
118°. Paper chromatography with heptane—methanol (Meigh, Nature, 1952, 170, 579), and 
use of formaldehyde and acetone 2: 4-dinitrophenylhydrazones for comparison, enabled the 
product to be identified as the acetone derivative, no formaldehyde 2 : 4-dinitrophenylhydrazone 
being detected. 

The residual alkaline solution was acidified and extracted with ether (3 x 25 c.c.), and the 
product removed from the ethereal solution with sodium hydrogen carbonate was crystallised 
from methanol. The yellow solid thus isolated, m. p. ca. 300° (decomp.), was methylated with 
excess of diazomethane in ether, and the product crystallised from methanol. It then had 
m. p. 181—182° and was identical (mixed m. p.) with l-hydroxy-3 : 5 : 6-trimethoxyxanthone 
(see above). 

(b) Jacareubin (1 g.) was heated under nitrogen at 180° for 15 min. with a mixture of sodium 
and potassium hydroxides (1:1; 10g.) containing a little water. The whole was then dissolved 
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in water and acidified (hydrochloric acid). Isolation as in (a) and distillation of the product 
(200°/5 x 10-4 mm.) yielded a pale yellow solid (0-05 g.) identified as 1: 3: 5: 6-tetrahydroxy- 
xanthone by its formation with diazomethane of the 3: 5: 6-trimethyl ether, m. p. and mixed 
m. p. 181—182°. 

Pyrolysis of O000-Trimethyjacareubic Acid.—A solution of trimethyljacareubic acid (1-7 g.) 
in quinoline (80 c.c.) containing freshly precipitated copper (5 g.) was heated under reflux in a 
stream of nitrogen for 5 hr. The course of the reaction was followed by passing the issuing gas 
into aqueous barium hydroxide. The cooled mixture was poured into a large volume of ether, 
and the filtered liquid was washed with 5% aqueous sodium hydrogen carbonate and then with 
excess of dilute hydrochloric acid. The washed and dried ethereal solution was evaporated, to 
leave an orange-red solid which by recrystallisation from methanol gave supposedly 1: 3- 
dihydroxy-5 : 6-dimethoxyxanthone as pale orange needles (0-5 g.), m. p. 288—290° (decomp.) 
(Found : C, 62-6; H, 4:5; OMe, 20-9. C,;H,,0, requires C, 62-5; H, 4-2; 20Me, 21-5%). The 
diacetate crystallised from methanol in colourless needles, m. p. 162—-163° (Found: C, 61-7; 
H, 4:7; OMe, 17-9. Cy 9H,,O, requires C, 61-3; H, 4:3; 20Me, 16-8%). When the dihydroxy- 
dimethoxyxanthone was refluxed in acetone with methyl sulphate—potassium carbonate for 
24hr., 1: 3: 5: 6-tetramethoxyxanthone was obtained as a monohydrate crystallising from benzene 
in needles, m. p. 1836—137° (Found: C, 61:7; H, 5:9; OMe, 35-5. C,,H,,0,,H,O requires 
C, 61-8; H, 5:4; 40Me, 37-1%). Drying at 120° in vacuo gave the anhydrous compound, 
m. p. 151—152° (Found: C, 64:8; H, 5:2; OMe, 36-8. C,,H,,0, requires C, 64-55; H, 5-1; 
40Me, 39-3%). 

050%-Diacetyljacareubin.—A solution of jacareubin (1 g.) and boroacetic anhydride (1 g.) in 
acetic anhydride (7-5 c.c.) was heated under reflux for 3 min. The cherry-red liquid remained 
clear when cooled and was then treated with dry ether (20 c.c.). The crystalline solid which 
separated during 2 hr. at 0° was collected, washed with ether, and shaken with water (50 c.c.). 
When recrystallised from methanol the yellow-orange solid gave the diacetyljacareubin as bright 
yellow needles, m. p. 173—174°, having a dark green ferric reaction (Found: C, 64-4; H, 4-4. 
C..H,,O0, requires C, 64-4; H, 4-4%). 

0508-Diacetyldihydrojacareubin.—A suspension of dihydrojacareubin (2 g.) in acetic anhydride 
(10 c.c.) with boroacetic anhydride (2-5 g.) was heated under reflux until a clear solution was 
obtained which was shortly afterwards cooled and diluted with ether (25 c.c.). The solid 
deposited at 0° was collected after 2 hr. and treated with water, and finally crystallised from 
methanol. The resulting diacetate (1-7 g.) formed yellow needles, m. p. 172—173°, exhibiting a 
green ferric reaction (Found: C, 64-1; H, 5-0. C,H. O, requires C, 64-1; H, 49%). 

Methylation of Diacetyldihydrojacareubin.-—The diacetate (2-25 g.) was heated under reflux 
with methyl sulphate-potassium carbonate in acetone for 6 hr. The then almost colourless 
mixture was evaporated and shaken with ether and 2n-sodium hydroxide for} hr. The ethereal 
layer yielded dihydro-O108O%-trimethyljacareubin which crystallised from methanol (charcoal) 
in colourless needles (1-3 g.), m. p. 156—156-5° (Found : C, 67-9; H, 6-0; OMe, 23-4. C,,H.O, 
requires C, 68-1; H, 6-0; 30Me, 24-6%). It did not depress the m. p. of a sample prepared by 
the hydrogenation of trimethyljacareubin in presence of palladised charcoal. 

Acidification of the sodium hydroxide solution gave dihydro-O105 (or O108)-dimethyljacareubin 
(1 g.), colourless needles (from methanol), m. p. 217—218° (Found, in a specimen dried at 120° 
in vacuo: C, 67:0; H, 5:8; OMe, 17-0. C,.,H,. O, requires C, 67-4; H, 5-7; 20Me, 17-4%). 
The dimethyi ether gave in ethanol a yellow colour with ferric chloride. 

Jacareubin 5 : 6-Methylene Ethery.—A solution of jacareubin (0-5 g.) in acetone was heated 
with aqueous sodium hydroxide (0-5 g. in 10 c.c.) at 45° in an atmosphere of coal gas. Methylene 
sulphate (Baker and Field, J., 1931, 1765) (0-7 g.) was gradually added with stirring and after 
$+ hr. the mixture was poured into dilute hydrochloric acid. The orange-red precipitate was 
dried and crystallised from methanol-ethyl acetate, yielding the 5 : 6-methylene ether (0-2 g.) 
as bright yellow iridescent lath-shaped crystals, m. p. 220°, having in alcohol a green ferric 
reaction (Found: C, 67-7; H, 3-9. C,gH,,O, requires C, 67-45; H, 42%). 

Synthesis of 1:3: 5: 6-Tetrahydroxyxanthone (cf. Tanase, loc. cit.).—A solution of phloro- 
glucinol (4-5 g.) and 2: 3: 4-trihydroxybenzaldehyde (5 g.) in acetic acid (40 c.c.) and concen- 
trated hydrochloric acid (15 c.c.) was heated under reflux for 15 min. The bright red 1:3: 5: 6- 
tetrahydroxyxanthylium chloride (7-55 g.) was collected 8 hr. later, washed with acetic acid— 
hydrochloric acid and dissolved in acetic anhydride (40 c.c.). Zinc dust (12 g.) was added in 
portions to the boiling solution which finally became pale yellow, whereupon it was filtered and 
the filtrate poured into water (500 c.c.). The friable biscuit-coloured solid (1:3: 5: 6-tetra- 
acetoxyxanthen) was collected, dissolved in acetic anhydride (50 c.c.) and acetic acid (20 c.c.), 
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and treated with 5% chromium trioxide in acetic acid (diphenylamine indicator) in 50% excess. 
The 1: 3: 5: 6-tetra-acetoxyxanthone which had separated after 3 hr. at room temperature when 
recrystallised from 25% aqueous acetic acid formed needles (1-2 g.), m. p. 246° (decomp. ; 
rapid heating) (Found: C, 58-9; H, 4:1%). 

A solution of the tetra-acetate (1 g.) prepared by vigorous stirring with cold concentrated 
sulphuric acid (10 c.c.) was poured into water after 10 min., and the precipitate collected and 
crystallised from benzene. The 1:3: 5: 6-tetrahydroxyxanthone (0-4 g.) thus prepared had 
m. p. ca. 310° (decomp.) (Found: C, 59-8; H, 3-394). Methylation with diazomethane gave 
1-hydroxy-3 : 5: 6-trimethoxyxanthone, m. p. and mixed m. p. 182—183° (Found: C, 63-8; 
H, 4-7; OMe, 29-3%), from which was obtained the acetyl derivative, m. p. 147—148° (Found : 
C, 62-6; H,4-7; OMe, 26-5; OAc, 13-1%). Prolonged methylation (Me,SO,-K,CO, in acetone) 
gave 1: 3:5: 6-tetramethoxyxanthone monohydrate, m. p. 136—137°, which after drying at 
120° in vacuo had m. p. and mixed m. p. 151—152° (Found : C, 64:3; H, 5-1%). 
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805. The Mechanism of the Coupling of Diazonium Salts with 
Heterocyclic Compounds. Part I. Glyoxaline. 


By R. D. Brown, H. C. Durrin, J. C. MAYNARD, and J. H. Ripp. 


A kinetic study has been made of the coupling of diazotised sulphanilic acid 
with glyoxaline. It is suggested that the rate-determining step is the reaction 
between the diazonium ion and the glyoxaline anion, the latter being formed 
from glyoxaline by ionisation of the N-H bond. 


THE mechanism of the coupling reaction between diazonium salts and aromatic amines 
has been investigated by Wistar and Bartlett (J. Amer. Chem. Soc., 1941, 68, 413), who 
deduced that it is a bimolecular reaction between the diazonium cation and the free amine. 
They also concluded that the coupling with phenols arises from a bimolecular reaction 
between the diazonium cation and the phenoxide ion. Later work has confirmed this 
(Zollinger, Chem. Reviews, 1952, 51, 347), and it is now accepted that diazonium coupling 
involves attack by the electrophilic diazonium cation. 

However, this picture of the coupling reaction presents some difficulties in the case of 
the heterocyclic base glyoxaline (I). Glyoxaline has been shown to undergo coupling at 
HC,—,N the 2-position (Fargher and Pyman, /., 1919, 115, 217), although other 
HCs , cH common electrophilic reagents attack the 4(or the tautomerically equivalent 

\n7 _ 5)-position exclusively. Thus nitration occurs at this position, and, if the 

H 4- and the 5-position are blocked with methyl groups, the resultant molecule 
(t; =GH) is resistant to nitration (Fargher and Pyman, loc. cit.). Furthermore, 
molecular-orbital calculations for glyoxaline (Bassett and Brown, unpublished work) 
predict electrophilic substitution to favour strongly the 4-position, rather than the 2- 
position. Schofield (Quart. Reviews, 1950, 4, 382) has suggested that the difference may 
arise because nitration and similar reactions involve strongly acid media, in which 
glyoxaline (here represented as GH) will undergo reaction as the cation, GH,*, whereas 
the coupling occurs in moderately alkaline solution and so will involve the neutral 
glyoxaline molecule. However, the molecular-orbital calculations point to the same 
qualitative orientation rule for GH and GH,”*. 

The present investigation was therefore initiated in an attempt to resolve this anomaly 
in the chemistry of glyoxaline. The theoretical results do in fact suggest that electro- 
philic substitution would occur at the 2-position if glyoxaline were coupling through the 
anion, G~. The observation that 1-methylglyoxaline does not couple with diazonium 
compounds (Burian, Ber., 1904, 37, 696) supports the view that ionisation of the N-H 
bond is a prerequisite for coupling. Attention was therefore centred on the determination 
of the reactive form of glyoxaline in the coupling reaction. 
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EXPERIMENTAL 
The glyoxaline was repeatedly recrystallised from benzene until the m. p. was constant (88-5°). 
The sulphanilic acid, sodium nitrite, and buffer reagents were of ‘‘ AnalaR’”’ quality. The 
following buffer solutions were used : 


pH pH 
No. 1 0-070mM-Na,HPO, 0-030M-KH,PO, 7:10 No.4 0-038mM-Na,CO, 0-012mM-Na,B,O, 10-00 
2 0-060mM-Na,B,0, 0-040mM-HCl 8-15 5 0-049M-Na,CO, 0-00IM-Na,B,O, 11-00 
3 0-100M-Na,B,0, — 9-15 


The ionic strength of each was brought to 0-24 by the addition of potassium chloride. 

A 0:05m-solution of sulphanilic acid was diazotised in 0-01N-hydrochloric acid, in the presence 
of sodium bromide to catalyse the reaction and prevent self-coupling. The diazotised solution 
was brought to 25°, and, after dilution, the required volume was run into a buffer solution 
containing glyoxaline, kept in a thermostat at the same temperature. The kinetics of coupling 
reactions have generally been followed by the photometric estimation of the coupled product, 
but, because of the pale colour of the azo-compound of glyoxaline and the possibility of further 
coupling, it was decided to follow the reaction from the diazonium-ion concentration. Samples 
were therefore extracted and run into a saturated aqueous solution of $-naphthol-in 0-1N- 
borax. The diazonium ion coupled instantly, and was estimated colorimetrically by means of a 
Hilger Spekker photoelectric absorptiometer. A correction was applied for the azo-compound 
of glyoxaline present, by a colorimetric estimation on a sample of the reaction mixture in 0-1N- 
borax alone; however, for the greater part of each kinetic run, this correction was very small. 

A large excess of glyoxaline was present in the buffer solution to minimise any further coupling 
of the monoazo-derivative. As a result, the diazonium-ion concentration decreased according 
to a first-order law. The first-order rate coefficients obtained were corrected for the decomposi- 
tion of the diazonium compound, by carrying out runs under identical conditions except for the 
absence of glyoxaline. This decomposition was found to be a first-order reaction, and the rate 
coefficients are given in the fourth column of the Table. All rate coefficients were obtained from 


10°, (dec.) 10°, (obs.) 10°R, (corr.) 


pH 105[Ar-N,*] 10*(GH} (sec.~!) (sec.“!) (sec.~*) (sec.-! mole! 1.) 
7-10 5-0 10-0 — 7-0 3-0 0-03 
7:10 5-0 — 4-0 —- oo _ 
8-15 2-5 5-0 -—- 72 59 1-12 
8-15 2-5 10-0 oo 140 127 1-27 
8-15 2-5 — 13 — — —_ 
9-15 1-0 1-5 — 175 140 9-54 
9-15 1-0 2-0 — 208 173 8-65 
9-15 1-0 ooo 35 —- = — 
10-00 1-0 1-5 ~ 565 529 35-2 
10-00 1-0 — 36 ao —— —_— 
11-00 1-0 1-0 — 493 476 47-6 
11-00 1-0 1-5 — 708 691 46-2 
11-00 1-0 — 17 — — a 


the slopes of lines fitted to first-order plots by the method of least squares. The corrected first- 
order rate coefficients for the coupling reaction are given in the sixth column of the Table, for 
different concentrations of glyoxaline. The appropriate second-order rate coefficients, obtained 
by dividing the first-order coefficients by the glyoxaline concentration, are given in the last 
column. The constancy of the second-order rate coefficients at a given pH shows that the reac- 
tion rate is proportional to the glyoxaline concentration. 


DISCUSSION 
The results described in the preceding section demonstrate that the initial step in the 
coupling reaction is bimolecular in conformity with Wistar and Bartlett’s results (loc. cit.) 
for aromatic amines. On the assumption that the diazonium ion is the reactive inter- 
mediate, the two main possibilities for the initial bimolecular step are : 
(a) Ar-N,++GH and (b) ArN,+ + G- 
and these can be distinguished by comparing the experimental curve for log k, plotted 
against pH with the theoretical curves for the two mechanisms above. Calculation of the 
theoretical curves requires a knowledge of the equilibrium constants of the reactions : 
GH + H+ = GH,* 
G~ + H+ = GH 
Ar-N,*+ -+ OH-~ = Ar-N,-OH 
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p&, of the glyoxaline cation is known to be 7-0 (Albert, Goldacre, and Phillips, /., 1948, 
2240), and that for glyoxaline has here been taken as 12. This second pK, is not accurately 
known, but some recent results from paper electrophoresis suggest that it is in the range 
12—13 (Wieland and Schneider, Annalen, 1953, 580, 159). Following Wistar and Bartlett, 
a pK of 3 has been assumed for the dissociation of the diazo-hydroxide. The fractions 
below have been calculated at different pH values, and the theoretical curves constructed 

: [GH] ‘G-] [ArN,t] _ 

[GH,*] + [GH] + [G7} (GH,*} + [GH] + [G-] fAreN,*) + [AreN,-OH] 


by adding together the logarithms of the respective fractions. The theoretical curves for 
mechanisms “a” and ‘‘ 6” are shown in Fig. 1, and the experimental results in Fig. 2; 
it is evident that the experimental results agree with curve 6 and that glyoxaline therefore 
reacts as the anion. 

This conclusion is based on the slopes of the curves in the region pH 7—10, and is very 
little dependent on the exact values chosen for the second and third dissociation constants. 
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Any value greater than 12 for the pK, of glyoxaline, and any pK below 3 for the dissociation 
of the diazo-hydroxide, lead to theoretical curves of the same slope. Also, any correction 
for the subsequent ionisation of the diazo-hydroxide into diazoate ions would depress the 
theoretical curves at the higher pH values, and thus could never cause curve a to correspond 
to the theoretical results. 

The observed dependence of rate on pH could also be explained by assuming that the 
diazo-hydroxide, not the diazonium ion, is the intermediate concerned. However, this 
preference could only be justified if the reaction involved free radicals, and the second-order 
kinetics obtained make this unlikely. Also, the results with pyridine (Haworth, Heilbron, 
and Hey, /., 1940, 349) show that the free-radical reactions of diazonium compounds lead 
to phenylation rather than azo-coupling. The possibility of reaction via the diazo-hydro- 
oxide is thus remote. 

The remaining possibility of coupling between the diazonium cation and the glyoxaline 
anion is in agreement with all the known facts. It explains the failure of the N-methyl 
compound to react, it agrees with previous conclusions that coupling occurs through the 
diazonium ion, and finally it confirms the molecular-orbital indication that the anion is 
involved in the reaction. 


The authors thank Professors E. D. Hughes, F.R.S., and C. K. Ingold, F.R.S., for their 
interest in the work and for valuable discussions on the results obtained. 


WILLIAM RAMSAY & RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, GOWER St., Lonpon, W.1. [Received, August 26th, 1953.] 
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806. The Production of Active Solids by Thermal Decomposition. 
Part I. Introduction. 


By S. J. GREGG. 


If a solid B is prepared by a thermal decomposition of a solid A from 
which a volatile product is released, then the curve of specific surface against 
the temperature of calcination (for a fixed time) may assume one of at least 
four different forms: it may show a maximum, a continuous fall, or a con- 
tinuous rise, or be more or less flat. The manner in which first, the physical 
structure, and secondly, the sintering, of B determines which of these forms of 
curve is pursued, is discussed in some detail. 


Many solids are produced in an “ active’ condition if they are prepared by thermal decom- 
position from a parent substance A from which a volatile product is released : Solid A —» 
Solid B + Gas. Examples are provided by lime-burning, by the preparation of plaster 
of Paris, of active alumina by the heating of gibbsite, or of active magnesia by the calcination 
of magnesium hydroxide. The “activity,” although difficult to define precisely, reveals 
itself in such properties as an enhanced rate of reaction of the solid with liquid reagents or 
with gases, an increased rate of dissolution in solvents, a marked adsorptive capacity for 
gases and for solutes from solution, an appreciable heat of immersion in inert liquids, and 
an increase in the heat of dissolution in, e.g., acid, over and above that calculated from the 
normal heat of formation (cf. Fricke, Festskrift J.A. Hedvall, 1948). In general, two main 
factors are responsible for the phenomenon, viz., the presence of an extensive ‘internal ”’ 
area S in the solid, so that it is essentially porous on the microscopic and molecular scale ; 
and the existence of lattice strain, so that some or all of the atoms or ions of the solid are 
displaced somewhat from the positions they would occupy in the perfect lattice (cf. Wood, 
Nature, 1948, 162,898). (The term “strain ’’ would include Frenkel or Schottky defects, and 
dislocations, as special cases.) 

Now the area S may, in general, arise in various ways: in dehydrated zeolites, for 
example, it is due to the large volume of channels, of molecular size, left by the escaping 
gas in a frame-work of the remaining solid—channels which permit the entry of molecules 
of adsorbate or of attacking reagent. More often, however, the existence of a large area 
S is due to the disperse state of the solid: it exists as crystallites, or micelles, of small 
dimensions. (The non-committal term “ micelle ’”’ is to be preferred to “‘ crystallite” in the 
present connection, to avoid the implication in the latter term that the lattice is perfect.) 
It is readily shown, for example, that if 1 cm.’ of a solid of density o is broken up into equal 
cubelets of side /, then the surface per g. of material is given by S = 6/ol. For less ideal 
cases—irregular shapes and varying sizes of particle—the increase in area, though quantit- 
atively differently related to the mean linear dimension, is still of the same order. The area 
thus produced may still be termed an internal area, for the micelles will adhere in places 
to form the microscopic grains visible to the naked eye. 

A solid will thus be rendered more active if the micellar size is reduced; and this will 
result from thermal decomposition of the type mentioned above if each crystallite of A gives 
rise on the average to, say, N micelles of B, where N is greater than unity. In principle 
there are at least two different ways in which this could come about : (i) each crystallite 
of A could contain N nuclei, each one of which would be the starting point of a decomposition 
interface, so that N micelles of B would form; or (ii) each crystallite of A could decompose 
as a whole giving a micelle having the compositior. of B but with the pseudo-lattice of A, 
the atoms or ions of B retaining much the same positions as they held in A. This pseudo- 
lattice would of course be highly strained and would tend to recrystallise into the stable 
form, viz., the normal lattice of B (though no doubt still in a somewhat strained condition). 
This recrystallisation would, again, spread outwards from nuclei of B, so that the net 
result would be that each crystallite of A would give rise to N micelles of B, with a 
corresponding increase in the specific area. 

Simple calculations based on the Polanyi-Wigner expression (Z. phystkal. Chem., 1928, 
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139, 439) suggest that mechanism (ii) is in general the more likely. According to this 
expression the number of molecules leaving 1 cm.? of decomposition interface per second 
is z = nve~=/RT, where n is the number of molecules present per cm.? of interface, v the 
frequency of vibration of the linkage about to be broken, and E the energy of activation 
of the decomposition. Taking typical values, v = 10 sec.-!, E = 25,000 cal. mole, 
n = 0-5 x 1015 cm.-?, T = 600° k, one obtains z = ca. 8 X 1018, and the interface thus 
advances through approximately 8 x 1018/10!5 or 8 x 108 molecular layers in a second 
(cf. Gregg and Razouk, J., 1949, S 36). A crystallite 104 A across—the largest likely to be 
encountered—would thus decompose completely in some ca. 0-3 sec., once its decomposition 
had started at all. Nowit is unlikely that the reaction would start to spread from a second 
nucleus in the same crystallite within 0-3 sec. of its starting from the first ; and this suggests 
that crystallites will decompose “‘ as a whole,’”’ .e., to give only one micelle each, under the 
usual conditions for the preparation of an active solid. [The Polanyi-Wigner expression 
represents the rate of decomposition 1 vacuo where the gas molecules can escape readily 
from the interface; “in air” the net rate of decomposition, though less by several-fold, 
will not be reduced sufficiently to invalidate the argument (Britton, Gregg, and Winsor, 
unpublished). } 

An interesting confirmation of the “ recrystallisation’’ mechanism is given in a later 
Part, devoted to the preparation of magnesium oxide from the hydroxide. At 400° c a 
sample of the solid continued to increase markedly in specific surface area when the amount 
of overall decomposition was almost constant (and nearly complete); the new area could 
not therefore have been brought into being by the formation of more magnesia, but must 
have owed its origin to some alteration in that already formed (cf. Wilsdorf and Haul, 
Nature, 1951, 167, 945; Britton, Gregg, and Winsor, /. Appl. Chem., 1952, 2, 700). 

The rate of crystallisation of the pseudo-lattice will depend on the rate r of formation 
of nuclei, and 7 in turn will depend on the energy change involved in the conversion from 
the pseudo-lattice of A into the normal lattice of B. In view of the essentially irreversible 
nature of the process, it is inappropriate to speak of a free-energy change, but one may 
expect some such expression as r = xe~*/*” to hold, where « is a constant, and € is an 
energy quantity per molecule which is related to the difference in energy contents of the 
two forms in question. A crude measure of € would be the difference Av in specific volumes 
between the two forms; the greater the value of Av the greater would be the state of strain 
of the pseudo-lattice vis-a-vis the normal form, 1.e., the greater €. The constant « would 
be a function of the entropy difference between the two forms and again would be expected 
to increase as Av increases. Thus the rate of nucleation of the pseudo-lattice, and with it 
the average number N of micelles formed from each crystallite of starting material, should 
increase as Av increases. 

As soon as the conversion of phase A into phase B is complete, so that each micelle of 
B is in contact with one or more other micelles of B, a process of micellar growth can take 
place and it will result in an increase in the average size of the micelles and a decrease in 
their number—a process that may conveniently be termed sintering if it occurs at elevated 
temperatures and ageing if it occurs at or near room temperature. 

From its very nature, sintering is a rate process involving an energy barrier, so that the 
extent of sintering is a function of both temperature and time—an increase either in 
temperature for a fixed time, or in time for a fixed temperature, leading to an increase in 
the extent of sintering. The effect of an increase in temperature may be qualitative and 
not merely quantitative : it may alter the mechanism, as well as the extent, of the sintering, 
whereas the effect of increasing the time at a constant temperature will in general be 
merely quantitative, t.¢., it will increase the extent of whatever process is already occurring 
at the temperature. 

It is not yet possible to give a completely definite picture of the mechanism of sintering, 
in spite of much work, both theoretical and practical (for many references, see Roberts, 
Metallurgia, 1950, August, p. 1). But it does seem clear that for comparison of different 
substances the temperature (°K) at which the substance is sintered should be expressed as 
a, given by « = 7/T,, (Tm is the melting point of the substance in degrees absolute) (cf. 
Tammann, Z. anorg. Chem., 1928, 176, 46; Hiittig, Kolloid-Z., 1942, 98, 6, 263; 1942, 
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99, 262; Desch, Trans. Faraday Soc., 1928, 24, 57); and Hiittig’s view (loc. cit.) seems 
reasonable, that there are three types of process to be considered, vtz., (a) adhesion, (5) 
surface diffusion, and (c) lattice diffusion, coming into play in that order as temperature 
increases. The last will only be important above the Tammann temperature (« = 0-5), 
for then the ions of the solid can move through the bulk of the micelle and into the areas of 
contact of neighbouring micelles; it should thus be possible for micelles to change their 
shape, to lose cracks and surface irregularities, for one micelle to grow at the expense of 
another, and for the area of contact of neighbouring micelles to increase, all processes leading 
to a reduction in specific surface ; at the same time lattice strain would diminish. Surface 
diffusion involves the movement of ions of the solid along the surface of the micelles, 
1.e., the surface layer is mobile. The general result would again be to tend to fill in surface 
irregularities of a given micelle, and to fill up cracks between neighbouring micelles, thus 
cementing them together and increasing the average micellar size. The process is likely 
to become important at lower temperatures than for lattice diffusion, and Hiittig gives the 
range « = 0-33—0-45. The energies of activation of both (5) and (c) are high, of the order 
of some tens of thousands of calories per mole for typical cases, being lower for sutface 
than for lattice diffusion (cf. Smoluchowski, ‘‘ Imperfections in Nearly Perfect Crystals,” 
ed. W. Shockley, Chapman and Hall, 1952, p. 467; Roberts, loc. cit.). 

The first process, adhesion, should be capable of occurrence even at room temperature. 
It is brought about by surface forces, t.e., by the reduction in surface energy consequent 
on the loss of surface area where the two particles join. It occurs at those places where the 
surfaces of neighbouring micelles are within atomic distance of each other; but the regions 
immediately adjacent to the area of contact are still within each other’s range of attraction, 
and the forces between them are equivalent to a shearing stress exerted on the two micelles 
near the region of contact (cf. Bangham, Trans. Soc. Glass Techn., 1947, 31, 264). The 
effect is to deform the micelles, and so to increase the areas over which adhesion occurs. 
The process will go on until it is halted by unfavourable geometry, when surface irregularities 
are such that areas adjacent to the area of contact and belonging to neighbouring particles 
are outside the range of each other’s attractive forces. Since a rise in temperature reduces 
the rigidity of solids (cf. Partington, ‘“ Advanced Treatise on Physical Chemistry,’’ Longmans, 
Green and Co., London, 1952, 3, 249), adhesion will be promoted by a rise in temperature. 
Quantitative relations cannot be formulated at present—the number of factors involved 
is far too large—but it should be noted that since the micelles of an active solid are strained, 
their rigidity will be much less, and their deformability correspondingly greater, than that 
of the normal solid; and also that the micelles are small and relatively close to one another 
owing to their mode of formation, features which again favour adhesion. 

It is clear, then, that no sooner has the active solid been produced by thermal decom- 
position than it will begin to sinter at an appreciable rate unless it is cooled. Consequently, 
if the heating is continued beyond the time at which conversion of phase A into phase B is 
complete, then sintering will occur and the activity will begin to fall. Thus if experiments 
are conducted in which samples of the parent substance are heated separately at a succession 
of temperatures T,, T,, Ts, etc., for a fixed time ¢ (a “‘ calcination series ’’), then the activity 
of the product will rise with rising temperature as the proportion of A decomposed into B 
increases. The sample for which decomposition is just complete in time ¢ will have especi- 
ally high activity. Samples prepared at higher temperatures will be increasingly sintered, 
for they are now being subjected to increasingly long times of sintering at increasingly high 
temperatures: the time required for complete conversion into B becomes progressively 
shorter so that there is an increasingly wide margin for sintering. The curve of activity 
against temperature of heating should thus ideally show a maximum at or near the tem- 
perature for which the decomposition is just complete in time ¢; but in practice it is impos- 
sible to avoid some degree of sintering, for those parts of B which are first produced (e.g., 
on the outside of lumps) will begin to sinter whilst the later parts of A are as yet undecom- 
posed. It may therefore happen that the most active product is one in which decomposition 
is not quite complete and in which this concurrent sintering has been minimised. 

Examples of a maximum activity of the kind just described are provided by the thermal 
decomposition of calcium carbonate, of magnesium carbonate (Britton, Gregg, and Winsor, 
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J. Appl. Chem., 1952, 2, 693; Staley and Greenfeld, Ind. Eng. Chem., 1949, 41, 520), and of 
dolomite (Britton, Gregg, Winsor, and Willing, /oc. cit., p. 698); with all these the maximum 
in the curve of activity against temperature is fairly sharp, as well as with magnesium 
oxide prepared from precipitated hydroxide (Gregg and Packer, unpublished work). 

In the thermal decomposition of gibbsite (y-aluminium hydroxide), however, the 
maximum is rather flat : the surface area calculated from, e¢.g., the nitrogen isotherms falls 
off gradually over the wide range of temperature from 400° to 1000° c (Gregg and Sing, 
J. Phys. Coll. Chem., 1951, 55, 603). This is probably connected with the complex nature 
of the decomposition, which results in a further activation over this range of temperature 
and thereby partly counteracts the normal sintering process. The precise details of the 
decomposition process are not yet entirely clear, but there is no doubt that the initial 
steep rise in activity between 300° and 400° c corresponds to the loss of water from the 
gibbsite (Gregg and Sing, ibid., 1952, 56, 388), which results in a mixture of boehmite 
(y-AlO-OH) and an anhydrous alumina, probably y-alumina (Clark and Elliott, J., 1953, 
84; cf. Stumpf, Russell, Newsome, and Tucker, Ind. Eng. Chem., 1950, 42, 1938). [It is 
possible (Day and Hill, Nature, 1952, 170, 539) that the latter is the primary product and 
that the boehmite is formed as a secondary product by reaction between the y-alumina and 
the water released from the gibbsite.}) By a somewhat complex series of polymorphic 
changes the y-alumina and the boehmite decompose over the range 400—1000° c to give 
ultimately a-alumina. These further conversions could, in the light of the views outlined 
above, produce further activation and so tend to counteract the tendency to sinter. 

A similar explanation has been offered for the maxima at ca. 180° and ca. 300° c respec- 
tively in the curve of specific surface against temperature of calcination for heated gypsum 
(Gregg and Willing, J., 1951, 2916). The first maximum is believed to be associated with 
the activating effect of the loss of 2H,O, yielding an anhydrous product (say Z) having, 
however, the same lattice as the hemihydrate, and the sintering of Z. [The product Z 
has zeolitic properties so that it can lose all its water yet retain the same lattice (Bunn, 
J. Sct. Instr., 1941, 18, 70).] The second maximum is postulated to correspond with the 
activating effect of the conversion of Z into the anhydrite lattice, and the sintering of the 
latter. 

If the quantity & were small enough, the recrystallisation process could occur with only 
one nucleus per micelle, so that each micelle of A would be converted into one only of B and 
no appreciable increase in specific area would occur (apart from a possible small increase 
if the volatile product left ‘‘ holes ’’ large enough to admit molecules or ions of adsorbate). 
An extreme case of this would be where the volatile product is merely adsorbed on the solid 
so that no change of phase occurs in the solid when the product is lost, and no recrystallis- 
ation is necessary. In cases of this kind it would not be possible to activate the solid 
appreciably by heating it, and any heat treatment would tend to reduce the activity by 
sintering. An example is provided by ferric oxide hydrate (see following paper) ; if high 
activity is required in this substance, it must be obtained by precipitating it in a highly 
disperse state from solution, and then avoiding subsequent heating; even 150° is sufficient 
to bring about a significant reduction in specific surface. Silica gel offers a second example 
(cf. Milligan and Bachford, J. Phys. Coll. Chem., 1947, 51, 330; Shapiro and Kolthoff, 
J. Amer. Chem. Soc., 1950, 72, 776). 

A third type of behaviour occurs when the pseudo-lattice of A constitutes a stable 
framework so that it does not tend to recrystallise. The examples par excellence are the 
zeolites, which can lose and regain their ‘‘ zeolitic’’ water without any modification of 
the aluminosilicate framework. The channels corresponding to the lost water are capable 
of adsorbing gases provided their molecules are small enough (see, ¢.g., Barrer, Proc. Roy. 
Soc., 1938, 167, A, 392, 406; Trans. Faraday Soc., 1944, 40, 195, 555). With kaolinite 
(see Part III, J., 1953, 3951) the water is all constitutional, 1.e., it is present as OH groups, 
and is not lost until a temperature of 400° or so is reached; the process is accordingly much 
more drastic than the loss of water from zeolites; consequently, it is not surprising that 
some collapse of the structure occurs. However, the area as measured by nitrogen sorption 
is only very slightly affected, indicating that the holes are too small to admit the gas, also 
that the grains do not break up into smaller grains or micelles; as might be expected, 
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however, the holes are large enough to admit hydrogen ions, as is shown by the greatly 
enhanced rate of dissolution in acid, consequent on heating to 500°. It is interesting that 
the loss of area by sintering is quite small at all temperatures below 800° or so; this corre- 
sponds to the facts that the grains are relatively large (of the order of 104 A or so in equivalent 
Stokes’s diameter), and that they were originally discrete in contradistinction to the 
micelles of an ordinary active solid which by their mode of formation are in much more 
intimate contact. The specific surface of kaolinite is thus remarkably resistant to alteration 
by heat. 

With vermiculite, a silicate mineral having a mica-like appearance, and some analogy 
to mica in structure, one meets a fourth type of behaviour on thermal decomposition. 
Water is progressively lost if the substance is heated to a succession of temperatures, and 
the surface area (measured by nitrogen sorption) likewise progressively increases. A large 
proportion of the water is probably present in this compound as molecules (cf. Barshad, 
Amer. Min., 1949, 34, 675) and when they escape the spaces left are large enough to accom- 
modate molecules of a gas. If the material is ‘‘ shock-heated ’’ by sudden immersion in a 
furnace at 900°, the product is exfoliated vermiculite, which has a specific surface of some 
10 m.? g.-! and is expanded some 20 times in a direction perpendicular to the cleavage plane ; 
exfoliation is to be attributed to the mechanical action of the escaping gas, which is able 
to cleave the grain in a direction parallel to the cleavage plane, into a large number of 
plate-like micelles, loosely aggregated together. The process does not go as far as the 
complete separation into the individual aluminosilicate layers, however, for the specific 
area of the exfoliated material is only some one-fiftieth part of that which would correspond 
to the complete accessibility of both sides of every sheet. 

This increase in area by the mechanical action of the escaping gas may occur in certain 
other systems also. 

In the sintering of active solids a complicating factor is the presence of traces of the 
volatile product (say G) which are not driven off until temperatures some hundreds of 
degrees higher than the decomposition temperature are reached. Thus magnesia from 
pure magnesium hydroxide contains 0-3°% of water after being heated to 700°, even though 
98% of the “ water ”’ is lost at 400° (with 2 hours’ heating). There is evidence that some- 
times at least this persistent trace exists chemisorbed on the surface of the micelles, ¢.g., 
as OH groups when G = H,0O or as CO, groups when G = CO,; when micellar surface is 
destroyed the chemisorbed layer is driven off from that portion of the surface. The 
chemisorbed layer is likely to be of particular importance in sintering mechanisms (a) and 
(0) 

Foreign ions, whether introduced during the preparation of the starting substance or 
present as impurities in the starting materials, will introduce further complications. The 
effect is likely to be specific and may, in principle, either help or hinder the process of 
sintering, especially if the impurity is present on the surface of the micelles. If distributed 
throughout the body of the material, the foreign ions may exert some influence on the 
recrystallisation of the pseudo-lattice (notably through their effect on nucleus formation) 
but are not likely to influence sintering until the Tammann temperature is reached. 

Concluston.—When a solid B is produced from a parent solid A by a thermal decomposi- 
tion which results in the release of a volatile product, there are at least four possible forms 
of the curve of specific area against temperature of calcination : (i) if B is initially formed 
as an unstable pseudo-lattice which rapidly recrystallises into the stable form, there will 
be a maximum in the curve; (ii) if B has the same lattice as A (7.¢., A is adsorbed or absorbed) 
the curve will show a continuous fall; (iii) if B has a fairly stable structure similar to that of 
A, the specific area will vary only slightly with the temperature of calcination; (iv) if 
molecular water is lost over a wide range of temperature from a framework or layer structure, 
the curve may show a continual rise over the corresponding range of temperature. 

Detailed data illustrating these various kinds of behaviour will be presented in the 
subsequent Parts of this series. 
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807. The Production of Active Solids by Thermal Decomposition. 
Part II.* Ferric Oxide. 


By S. J. Greece and K. J. HILL. 


Samples of pure ferric oxide gel have been calcined for 5 hours at a succes- 
sion of fixed temperatures T, between 50° and 800°, and the following proper- 
ties of the product measured on cooling: (a) sorption of nitrogen and of 
oxygen at —183°; (b) sorption of carbon tetrachloride at 25°; (c) heat of 
immersion in carbon tetrachloride and in decalin; (d) apparent density in 
various liquids; (e) dissolution when immersed alternately in sodium dithio- 
nite (hyposulphite) and in hydrochloric acid; (f) rate of dissolution in hydro- 
chloric acid; (g) X-ray powder photographs. The specific surface area S 
obtained from (a), (b), and (c) fell continuously from the lowest temperature 
investigated, so that—contrary to, e.g., the production of magnesia from 
magnesium hydroxide—there is no maximum in the curve of S against 
temperature of calcination. This is probably because ferric oxide gel on 
being heated does not undergo a polymorphic change but merely loses its 
water continuously from an amorphous or slightly organised condition. 

The data for apparent density reveal the presence of pores of micro- and 
molecular dimensions for all values of JT, up to 800°. The rate r of dissolution 
per unit area varies but little with T, in the presence of the reducing agent ; 
whereas in the absence of the reducing agent, the rate r, which likewise varies 
little with T, from 150° to 500°, drops markedly for the 800° sample, probably 
because the lattice first becomes destrained in this sample. 


As indicated in Part I*, many solids can be produced in an active condition as a result of 
the thermal decomposition of a parent substance from which a volatile product is released ; 
and frequently there is an optimum temperature for the preparation of the active product 
with a given duration of heating, a maximum being obtained when, say, the specific surface 
of the product is plotted against temperature of calcination. Examples are magnesia 
from precipitated magnesium hydroxide, Mg(OH),, and alumina from precipitated gibbsite, 
Al(OH)3, both of which have water contents corresponding to the stoicheiometric formula ; 
and it was considered of interest to see whether precipitated ferric oxide gel, which has an 
indefinite water content, behaved similarly or differently on calcining. The results have 
shown that its behaviour is different, inasmuch as 70 maximum has been found in the curve 
of surface area against temperature of calcination. 


EXPERIMENTAL 

Materials.—Because of the known influence of foreign ions on the sintering of active oxides, 
the preparation of the starting material, ferric oxide gel, was such as to minimise its contamin- 
ation by adsorption of foreign ions. It was arranged that streams of ferric chloride solution and 
of ammonia solution issuing from glass jets should meet just below the surface of 5 1. of water 
which was continuously stirred so as to ensure that the ionic concentration remained low through- 
out. 2L. of N-ferric chloride in 0-2nN-hydrochloric acid and 2-4 1. of N-ammonia were used, and 
the volume was then made up to 151. Next morning the supernatant liquid (about 10—12 1.) 
was siphoned off, an equal volume of water added, and the whole stirred. The sludge was 
washed three times in this way with water, and then twice with 0-025N-ammonia to prevent 
excessive peptisation. After being filtered off at the pump, the solid was washed on the filter 
with a volume of water equal to that of the sludge, and then sucked dry. The gel was then 
extruded through a Tecalemit grease gun (die 3-5 mm. in diameter) and was finally spread in 
shallow basins and allowed to dry in the air for 3—4 days. This gave a hard brittle product 
which was broken up and sieved, the —10 to 20 mesh portion being stored for use in this study ; 
its content of chloride, estimated turbidometrically, was 0-015—0-03%. 

Individual samples were activated in an electric furnace at 50°, 100°, 150°, 200°, 300°, 400°, 
500°, 800°, and 1400°, severally, for a fixed period of 5hr. [This time was chosen as a result of 


* Part I, preceding paper. 
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preliminary experiments in which samples were heated at 80°, 100°, and 120° in a thermal 
balance (cf. Analyst, 1945, 70, 336), readings of weight being taken at frequent intervals; after 
3 hr. the rate of loss of weight became very small.] 

The nitrogen, oxygen, and carbon tetrachloride used as adsorbates were of the purity already 
described by Gregg and Sing (J. Phys. Coll. Chem., 1951, 55, 592, 597). The liquids used in the 
density determinations were as follows: water, distilled; decalin, shaken with concentrated 
sulphuric acid till no more tar was removed, then shaken with alkali, washed with water, dried 
(CaCl,; P,O,), and distilled, the fraction of b. p. 182—185° being collected; it was a mixture of 
cis- (b. p. 178°) and trans-decalin (b. p. 192°); butyl phthalate was of technical grade and was 
stored over anhydrous sodium sulphate; carbon tetrachloride was sulphur-free and was boiled 
to expel air. 

The following determinations were made on each sample. 

Sorption Isotherms of Nitrogen and Oxygen.—The apparatus was that described by Gregg and 
Sing (loc. cit., p. 592) and was based on a volumetric principle; the temperature of the liquid- 
oxygen bath, checked by an oxygen vapour-pressure thermometer, varied by not more than 

+-0-2°. The oxygen and nitrogen were of commercial grade (British Oxygen Company). With 
both gases the measurements were carried up to a pressure of ca. 1 atm., representing a relative 
pressure p/p, (p = pressure, p, = saturated vapour pressure) of 0-25 for nitrogen and ca. 1-0 
for oxygen. The samples were outgassed before each run for | hr. at 100°, except in the case 
of the ‘‘ 50°’ and ‘‘ 100°’ samples which were outgassed at 25° for 8 hours. In calculation of 
the results, allowance was made for the deviation of the two gases from the perfect-gas laws. 

Sorption Isotherms of Carbon Tetrachloride.—These were determined with the aid of the elec- 
trical sorption balance (Gregg, J., 1946, 561) as described by Gregg and Sing (loc. cit., p., 597) ; 
the isotherms were not carried beyond a relative pressure of ca. 0-8, in order to avoid risk of 
attack by the vapour on the silicone grease used on the ground-glass joints of the balance “‘ case.”’ 

The apparent density p was determined by a technique similar to that described by Culbert- 
son and Dunbar (J. Amer. Chem. Soc., 1937, 59, 306; see Gregg and Sing, J. Phys. Chem., 1952, 
58, 388); the sample (ca. 0-5 g.) was outgassed at 60° for 1 hr. A number of different 
liquids, having different molecular volumes V, were used in order to test for the presence of very 
fine pores: large molecules would either be excluded from such pores entirely, giving a low 
value of p, or would enter slowly giving a drift in density with time. The liquids were water 
(18), carbon tetrachloride (96-2), decalin (150), and butyl phthalate (266) (numbers in paren- 
theses denote molar volumes in cm.°). 

Water Content.—Because of the hygroscopic nature of the ferric oxide, the water content 
corresponding to a given temperature of ignition, say T,°, was determined in an indirect manner : 
a separate sample was prepared in the thermal balance exactly as were those actually used in the 
adsorption experiments (7.e., by heating the hydrous gel at T,° for 5 hr.) and the temperature was 
then raised to 1000° and the further loss in weight taken as the water content of the sample. 

X-Ray Diffraction—The powder photographs were taken and examined by Mr. Cundy in 
the laboratories of English Clays, Lovering, Pochin, Ltd., at St. Austell, and are reproduced in 
the Plate. 

Heat of Immersion.—The calorimeter, specially designed for the measurement of the heat of 
immersion, will be described fully in a forthcoming paper. The sample of solid (0-4—2 g.) was 
outgassed at 100° for 1 hr. in a soda-glass bulb and sealed, before being placed in the calorimeter. 
Agreement between duplicate determinations was usually within 0-04 cal. 

Dissolution in Sodium Dithionite Solution and in Hydrochloric Acid.—When ferric oxide is 
treated alternately with sodium dithionite and acid, the rate of dissolution is much greater than 
with acid alone, probably because of the reduction of the ferric ions in the surface (cf. Evans and 
Prior, J., 1949, 3330). The details (cf. Galabutskaya and Gorova, see Brit. Abs., 1935, 22) are 
as follows : about 0-3 g. of the oxide was weighed into a boiling-tube, 2 ml. of water were added, 
and the tube placed in boiling water for 2—3 min. 2G. of sodium dithionite was dissolved in 
50 ml. of water, and the whole immediately added to the sample. The mixture was stirred 
whilst the boiling-tube remained in water at 40—50° for 10 min., then set aside for 5 min., and 
the supernatant liquid decanted into beaker I. 50 Ml. of 0-05n-hydrochloric acid were added, 
and the whole was stirred for 3 min. and kept for 2 min. in water as before. The hydrochloric 
acid extract was decanted into beaker II. The extraction was then repeated with both reagents, 
and the residue washed twice with N-hydrochloric acid, the washings being added to beaker IT. 
The beakers were placed on a boiling-water bath for 15 min. and then 40 ml. of 20-vol. hydrogen 
peroxide were added to beaker I and 15 ml. to beaker II. The mixtures were set aside until 
the liquid was clear, and then combined. The iron present was determined by precipitation with 
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N-ammonia, the precipitate being filtered off and ignited at 900°. The residue from the extrac- 
tion was also treated in the same way. 

Dissolution in Acid.—A sample of the solid (0-3—1-2 g.) was added to a bottle containing 
200 ml. of 0-25N-hydrochloric acid in a thermostat at 25°, and the mixture was stirred con- 
tinuously for the first two days and then set aside. Samples of the solution were withdrawn 
at intervals, and the ferric-ion concentration estimated by titrating the iodine liberated from 
acidified potassium iodide solution with sodium thiosulphate in the usual way. The quantity 
of acid present was never less than four times that required for complete dissolution. 


RESULTS AND DISCUSSION 
The isotherms of oxygen and of carbon tetrachloride are both of Type IV (B.E.T. 
classification, J. Amer. Chem. Soc., 1940, 62, 1723). The nitrogen isotherms resemble the 
lower parts of those of oxygen and of carbon tetrachloride and so are probably of Type IV 
also, though Type II is not absolutely excluded. 
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As is usual with Type IV isotherms, they are reversible outside the hysteresis loop. For 
points outside the loop equilibrium is reached in 10—15 min., but points on the loop require 
some 60 min., and the loop is reproducible, 7.e., in successive runs the points fall on the same 
curve within experimental limits. 

The surface areas have been calculated from the isotherms by the B.E.T. procedure in 
the usual way (2bid., 1938, 60, 309): a plot of /v(p, — p) against p/p, gave good straight 
lines for all three adsorbates within the range to be expected, viz., 0-05<p/p,<0-30 [v = 
amount adsorbed inc.c. (N.T.P.)]; and from the slope and intercept the monolayer capacity 
could be calculated, and the surface S obtained thence by assuming a value for the cross- 
sectional area A,, of the adsorbent molecules (oxygen, 14-6 A?; nitrogen, 15-4 A?; carbon 
tetrachloride, 30-0 A?). The three different measures of surface area are plotted against 
the temperature of calcination in Fig. 1; and, as will be seen, the values for a particular 
temperature differ according to the adsorbate used, to an extent usually much in excess of 
experimental error, the agreement between the “‘ oxygen area” So and the “ carbon 
tetrachloride area ’’ Sp being much closer than that between the “ nitrogen area” Sy and 
either of the other two. Moreover, a mere adjustment of the values of A,, for the three 
adsorbates could not bring the differing values of S for a given temperature into coincidence. 
Disagreement of this kind is not unusual (cf. Livingston, J. Coll. Sci., 1949, 4, 447) and 
there seems little doubt that, in general, the area deduced from the nitrogen isotherm is the 
most reliable. 

The data for the heat of immersion H, in carbon tetrachloride and in decalin are also 
plotted in Fig. 1; H , should give a measure of the surface area of the solid (cf. Bangham 
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and Razouk, Proc. Roy. Soc., 1938, 166, A, 572); in fact for an energetically uniform surface 
H,, = hS, where h is the heat of immersion per cm.? of the material. Since, however, / 
would be expected to vary with the temperature of calcination, exact proportionality at 
all temperatures between H; and S as measured by gas sorption is not likely, and the 
general similarity between the five curves of Fig. 1 must accordingly be regarded as satis- 
factory. 

The feature of particular interest is that the curves of Fig. 1 do not show a peak, but 
fall continuously from the lowest experimental temperature (50°), in marked contrast to 
the curves for alumina and for magnesia already referred to. It thus seems that the 
activity of pure ferric oxide gel cannot be increased by thermal treatment, and that even 
the gentlest heating tends to sinter it and reduce its specific surface. Ifa product of high 
activity is required it must be precipitated as such in the first place and must be protected 
from heating thereafter. 

The X-ray data indicate a reason for this difference in behaviour between ferric oxide 
gel and the other two systems: with gibbsite and with magnesium hydroxide the thermal 
decomposition involves the conversion of one definite lattice into another; but with ferric 
oxide gel the starting material is nearly amorphous (see Plate) with one or two very faint 
and broad lines corresponding to a-Fe,O,, and heating causes a sharpening of the lines and 
an increase in their number; but all the lines correspond to «-Fe,O;. [This sharpening is 
in accord both with the increase in micellar size demonstrated by the surface area data, and 
with a decrease in lattice strain which probably also occurs (see p. 3940).] The formation of 
a pseudo-lattice in the way discussed in Part I (loc. cit.) would therefore not occur, and 
there would be no reason for recrystallisation, with its attendant increase in specific area ; 
and any thermal treatment subsequent to preparation would tend to cause sintering but 
not activation. 

Evans and Prior (J., 1949, 3330) found that even after 24 hr. at 300° their ferric oxide 
was almost completely amorphous: their starting material was, however, prepared by 
precipitation from a solution containing a high concentration of sulphate ions which, when 
adsorbed on the precipitate, are extremely difficult to remove by washing. If present in 
the solid they could affect the rate of crystallisation of the amorphous material. 
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w, water content (g.) per g. of Fe,O,; Sy’, surface area (m.*) per g. of Fe,O;; 9, fraction of surface 
covered with OH; vz, pore volume (= vol. in cm.’, calc. as liquid) per g. of solid at apparent satur- 
ation. * %% dissolved in HCl-Na,S,O, at 95° in 15 min. f Apparent rate of dissolution in HCl at 
25° (g. of Fe m.* min.“!).. ¢ Apparent rate of dissolution in HCl-Na,S,O, at 95° (in same units). 


The isotherms of oxygen and of carbon tetrachloride obey Gurvitsch’s rule fairly 
closely : the quantity of each adsorbed on a given sample at ‘‘ apparent saturation,”’ 
t.e., along the horizontal branch, is nearly equal if calculated as volume vz of liquid, the 
ordinary liquid density being assumed (cf. Table). This supports the customary view that 
the loop represents the filling of the pores with the adsorbate in a form similar to (though 
not necessarily identical with) the ordinary liquid. The value of v, will accordingly be 
taken as equal to the total volume of pores per g. of material; and, adding to this the 
volume of the solid itself (calculated from the density in carbon tetrachloride, see p. 3946), 
one obtains the “ lump volume ” (Fig. 2, and Table). 

Both the pore volume and the lump volume are seen to vary but little between 150° and 
500°, and to fall markedly between 500° and 800°; the framework of the grains obviously 
begins to collapse at some temperature between 500° and 800° and it is perhaps significant 
that the Tammann temperature (ca. 650°) lies within this range. 


X-Ray diftvaction photographs of hvdrated ferric oxide after calcining at a series of temperatures T,. 


a) Original material; (b) T, B5O* > (ce) 7, 300° ; (d) T, 400° ; (e) T, 500 
se F 800 
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The values for the apparent density p of the samples show a variation according to 
the nature of the penetrating liquid (Fig. 2b), a variation which for the most part is outside 
experimental error (0-5—]%). It will be noted that the values of p are always highest 
in water, which has the smallest molecules. One infers that the solid contains (presumably 
| between the micelles) a significant volume made up of pores and crevices which are pene- 
trated by molecules of water but not by those of the other liquids, and which therefore 
have a maximum width lying between the molecular diameter of the former (ca. 2-9 A) and 
of the latter (ca.5 A). The values of p for the three remaining liquids do not lie in the same 
order for all temperatures and this suggests that the molecular shapes (which are very 
different for the three liquids) may also play a réle, in relation to the shape of the pore cross- 
section; and a variation in the extent of compression of the liquid in the interfacial layer, 
according to the nature of the liquid, may also be involved (cf. Franklin, Trans. Faraday 
Soc., 1949, 45, 274). 
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The data for water content, w, are presented in the Table; from 300° upwards the ratio 
of water content to specific surface varies far less than does specific surface itself; 1.¢., w 
is, very roughly, proportional to S. This suggests that the water is located in some form 
on the surface of the micelles, presumably as OH groups, for it is obvious that “ water ”’ 
which can withstand a temperature of 300° without expulsion is “ structural ” rather than 
molecular, 7.e., must be present as OH and not as H,O. The conclusion is strengthened 
by the fact that the amount of the water is not far from that required for a completed mono- 
layer, as may be seen by reference to the values of 6 (= fraction of surface covered by OH) 
in the Table; @ has been calculated on the assumption that one molecule of structural 
water occupies the same area on the surface as do two OH groups, say 15 A?. In view of 
the uncertainties inseparable from the calculation—as to the absolute values of S and of 
the area occupied by OH ions, and as to the precise value of w—the proximity of the values 
of @ to unity from 300° upwards must be considered as strong evidence for the hypothesis. 
Actually, the water contents may be slightly low, for it is possible that the water is not 
completely expelled even at 800°; the effect of this would be to raise the 800° value of 6 
relative to the others and to bring them all nearer to unity. 

A similar picture of the réle of residual water in silica gel has been advanced by Shapiro 
and Weiss (J. Phys. Coll. Chem., 1953, 57, 219). 
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The higher values of @ at temperatures up to 150° denote the presence of water other 
than, and additional to, the chemisorbed hydroxyl groups. The fact that it is lost so much 
more readily points to a looser mode of binding, and it could, in principle, be present as 
(i) adsorbed water (molecules) external to the micelles, or (ii) absorbed water (molecules) 
within the micelles, or (iii) OH groups of an (extremely unstable) hydroxide such as Fe(OH), 
or FeO-OH, with, of course, a highly distorted lattice. If all the water over and above 
that required by 6 = 1 were present as adsorbed molecules, one might perhaps expect the 
value of S to increase when it was driven off by raising the temperature, though in view of 
the extreme ease of sintering it could be argued that the tendency of S to increase is out- 
weighed by the tendency to sinter. At present there is insufficient evidence to distinguish 
between possibilities (i), (ii), and (iii), which in any case are not mutually exclusive. 

The rate of dissolution in acid falls with rising temperature of calcination, both in 
presence and in absence of the reducing agent. The experiments with the reducing agent 
present measured the percentage dissolved in a fixed time, and the results are given in the 
Table; with the pure acid, data were obtained for the amount dissolved at varying intervals 
and they are plotted in Fig. 3. As will be seen, the rate of dissolution falls with rising 
temperature of calcination in both sets of experiments, and particularly sharply from the 
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500° to the 800° sample in presence of the reducing agent (see Table). The fall is partly, but 
not entirely, accounted for by the reduction in specific surface: the change in the nature 
of the surface (and of the underlying bulk phase) also plays a part, as is seen from the 
approximate values of the apparent rates r, of dissolution per unit area, given in the Table. 
To obtain 7, the average weight dissolved per minute was divided by the value of Sy for 
the sample, averaging over the first 50 min. for the experiments without reducing agent 
and over the whole period of the experiments (taken as 15 min.) for those with the reducing 
agent. 

Considering first the results for dissolution in presence of the reducing agent, it will be 
noted that r, does not vary greatly with the temperature of calcination—far less than does 
the area S. Now the values of 7, are not accurately proportional to the true rate 7, of 
dissolution per unit area, for the value of S must diminish as the solid dissolves, and this 
occurs to a different extent according to the initial activity of the sample. The correction 
cannot be assessed accurately without a knowledge of the shape of the micelles and of the 
relative rate of attack on its different faces, but its general sense is such as to raise 7; 
relatively for the more active samples; the variation in the initial 7, would accordingly be 
even less than that of 74. Thus, if S were to vary with the 3 power of the weight left behind 
(cubic or spherical micelles dissolving uniformly) the variation in the true rate of dissolution 
per unit area would be less than two-fold from 150° to 800°. 

For dissolution in pure acid, the variation in 7, scarcely exceeds experimental error as 
T, increases from 150° to 500°; but from 500° to 800° there is a sharp fall of some 30-fold, 
and because of the variation in S during a determination, already referred to, the difference 
in true rates between the 800° sample and the rest must be greater, perhaps 50-fold. More- 
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over, the difference cannot be confined to the surface layers, for the rate of dissolution was 
still high for the first four samples even when more than half their mass had dissolved. 

The most probable explanation is that the lattices of the first four samples are con- 
siderably strained, whereas in the 800° sample the strain has largely disappeared. The 
role of surface defects in relation to dissolution of ferric oxide in acid has been thoroughly 
investigated by Evans and Prior (/., 1949, 3330), who, however, confined their measure- 
ments to small percentages dissolved ; in the present work the enhanced rate of dissolution 
was not restricted to the (originally) surface layers, and it would seem that the strain is 
not confined to defects (oxygen vacancies), for these, being formed by loss of oxygen by 
evaporation, would be unlikely to diffuse to the interior at temperatures below the Tammann 
temperature (ca. 650°). The X-ray evidence, though not inconsistent with this picture, 
does not lend unequivocal support to it; for the observed sharpening of the lines with 
increasing temperature would be expected in any case because of the increase in micellar 
size. 

It is interesting that the 800° sample was the only one prepared at a temperature above 
the Tammann point, suggesting that the destraining of the lattice is, as would be expected, 
greatly facilitated by the bulk diffusion of the constituent ions. 

The influence of lattice strain on the rate of dissolution in the presence of the reducing 
agent is small or negligible; in effect, the reducing agent is able to create its own defects 
by removal of oxygen at a rate which depends little, if at all, on the state of the lattice; 
and the effect of elevated temperature of calcination in diminishing the rate of dissolution 
per g. of solid is almost entirely explained in terms of the diminished specific area. 


Our cordial thanks are offered to Mr. Cundy of English Clays, Lovering, Pochin Ltd., for 
taking the X-ray photographs; to Mr. K. H. Wheatley for making the measurements on the 
samples prepared at 50° and 100°; and to the Imperial Chemical Industries Research Fund for 
the loan of apparatus. One of us (K. J. H.) acknowledges receipt of a maintenance grant as a 
student-in-training fron the Department of Scientific and Industrial Research. 
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808. The Production of Active Solids by Thermal Decomposition. 
Part III.* The Calcination of Kaolinite. 


By S. J. GrecG and (Mrs.) M. J. STEPHENS. 


Samples of kaolinite have been calcined for a fixed time at a succession of 
fixed temperatures between 50° and 1400°, and the specific surface S measured 
by the sorption of nitrogen and of oxygen. The value of S varies but little 
over the range 0—800°; in particular, S does not increase appreciably when 
the structural water is lost in the region of 400-—500°, though the “‘ holes ”’ 
corresponding to the lost water are large enough to admit hydrogen ions, as 
shown by the greatly increased rate of dissolution of the 500° sample in acid. 
The fall in apparent density shows that the structure shrinks to a considerable 
extent when the water is lost, and the X-ray data show it to be highly dis- 
ordered. Above 900° the apparent density and the bulk density sharply 
increase, and the specific area decreases, corresponding to the sintering and 
the conversion into mullite of the product. From 50° to 800° slight but definite 
sintering occurs. 


WHEN kaolinite is heated to ca. 450° in air it loses nearly 14°%% of water and might, there- 
fore, be expected to show a considerable increase in specific surface. The detailed study 
reported here shows, however, that the surface area of the product—usually termed meta- 
kaolinite—is little different from that of the undecomposed solid, though the gaps in the 
structure corresponding to the lost water are not completely closed up and indeed are large 
enough to admit hydrogen ions, as indicated by an enhanced rate of dissolution in acid. 


* Part II, preceding paper. 
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The general method adopted was to calcine separate samples for a fixed period and then 
determine, for the cooled product, adsorption isotherms of oxygen and of nitrogen at low 
temperatures (to yield the specific surface), the apparent density in carbon tetrachloride, 
the bulk density in vacuum, and X-ray powder photographs; also the rate of dissolution 
in acid (three samples only). In addition two dehydration experiments were done with the 
original material: one sample was subjected to a steadily rising temperature 1m vacuo on 
the sorption balance, and the curve of loss of weight against time thus obtained; and a 
second sample was heated to constant weight at a succession of fixed temperatures. 


EXPERIMENTAL 

Materials.—The kaolinite was kindly provided by the Research Laboratories of English 
Clays, Lovering, Pochin Ltd., and was described as “‘ finest commercial grade.’”’ It was 
estimated to be 95% pure, the chief impurity being mica, with small quantities of quartz, 
tourmaline, and montmorillonite. Analysis of the Andreasen curve obtained by gravity 
sedimentation showed it to be all <5 p, ca. 80% <l yp, 40% <0-5 yp, and all >0-05 yp, in 
equivalent Stokes’s diameter. 

The details of the oxygen, nitrogen, and carbon tetrachloride have been given in Part II. 


To oxygen and 
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Methods.—The determination of the adsorption isotherm on a non-porous solid like kaolinite 
constitutes a somewhat more difficult problem than with porous solids such as ferric oxide gel, 
in that the total adsorption is relatively small, and if a volumetric apparatus is used it must 
have a small ‘‘ dead-space.’’ The apparatus used was a modification of that described by 
Tompkins and Young (Trans. Faraday Soc., 1951, 47, 77) and is illustrated in Fig. 1. The 
sample was contained in the bulb A which was attached to the main apparatus by means of an 
adaptor B, and which after being outgassed was detached at J to determine the loss of weight. 
After being replaced in position, A was immersed in liquid oxygen to a definite mark, and a 
charge of gas was admitted to the doser D, and its pressure measured on the wide-tube 
manometer M by means of a cathetometer. The doser was then isolated by closing tap T,, and 
the connecting tubes were pumped out. The charge of gas was next admitted to the bulb 4 by 
opening 7, and raising the mercury to the tap T,; and when the pressure had become constant 
it was read accurately on the manometer N, the mercury on the left-hand side being adjusted 
accurately to a mark C so as to define the dead-space volume. Further charges of gas were 
admitted until the equilibrium pressure had reached approximately 76 cm. The manometer NV 
and the remainder of the “ equilibrium ’’ portion of the apparatus were constucted of narrow 
tubing (3-mm. bore). The volume of the doser and of the bulb was determined by weight of 
mercury, and the remainder of the apparatus was calibrated for volume with helium. The 
whole apparatus was contained in a constant-temperature room (+0-25°). The amount 
adsorbed, * moles, was then calculated by the formula : 


Here = Pp is the sum of successive doser pressures in mm.; Vp, V, Vo, are respectively the 
volumes (cm.%) of doser, dead space, and bulb immersed in liquid oxygen; ? is the equilibrium 
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pressure (mm.); KR the gas constant, and Tp and 7, the temperature (°K) of the room and of 
liquid oxygen, respectively. The specific surface was calculated from the adsorption isotherm 
by application of the B.E.T. method, and the measurements of density in carbon tetrachloride 
were carried out, both as described in Part II (loc. cit.). The bulk density in vacuum was 
determined by the method of Gregg and Behrens (J. Appl. Chem., 1951, 1, S 139—141). 

The X-ray powder photographs were kindly taken by Mr. E. K. Cundy of the laboratories of 
English Clays, Lovering, Pochin Ltd. 

The rate of dissolution in acid, determined conductometrically, was studied at 93° because 
at room temperature it is inconveniently slow even with the most active sample; the cell was 
fitted with a stirrer and a reflux condenser (to avoid loss by evaporation). It contained 200 ml. 
of N-hydrochloric acid, and when this had come to constant temperature a sample of the clay 
(ca. 4 g.) was introduced and readings of the resistance were taken until it became nearly 
constant (usually 12—24 hr.). 

In the dehydration experiments, two types of treatment were adopted, viz., ‘‘ isothermal ”’ 
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and ‘‘ rising temperature.’’ The latter was in vacuo on the electrical sorption balance (Gregg, 
J., 1946, 561), the sample being subjected to a nearly constant rate of rise of temperature of 
approx. 3°/min. over the range 100—950°, the temperature being controlled by hand adjustment 
of a ‘‘ Variac’’ variable transformer. For the former, two sets of experiments were done, 
(a) ‘‘in air’’ on the thermal balance, and (6) im vacuo on the electrical sorption balance. 
Separate samples were taken for both (a) and (b), and were heated to a succession of fixed 
temperatures until further loss in weight was negligible; in air this required 3 hr. or less at 
temperatures below 450° and above 600°, and 6—-7 hr. at temperatures between 450° and 600° ; 
in vacuo constancy was reached in 2—3 hr. at all temperatures. 

The calcination of the samples was carried out in situ for temperatures up to 400°, a small 
tubular furnace being placed around bulb 4, or the density bulb, or the bulk density cylinder, 
as the case might be: the sample was heated at the required temperature for 5 hr. under a 
vacuum of 104mm. _ For higher temperatures the calcination was in air, either on the thermal 
balance (500—1000°) or in a platinum-wound furnace (above 1000°), again for 5 hr. All 
samples were outgassed at 100° before being subjected to the relevant technique. 

Results —The isothermal dehydration data are plotted in Fig. 2a, where the continuous line 
refers to the results ‘‘in air’’ and the broken line to those im vacuo. The former agree 
substantially with the results of other workers (cf. Grim and Rowland, Amer. Min., 1942, 27, 
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746, 801), and the deviation between the two curves of Fig. 2a in the region 300—400° is in the 
sense expected, i.e., the loss of weight commences at a lower temperature in vacuo, 

The ‘‘ rising-temperature ’’ dehydration curve is shown in Fig. 2c, and a derived curve of 
percentage loss in weight per min. against temperature in Fig. 2b. The latter is analogous to the 
curves of differential thermal analysis, and it shows a marked peak with its maximum at 
ca. 510°, and corresponding to the loss of ‘‘ structural’’ water. This loss is already noticeable 
at 350°, a temperature again definitely lower than that noted in the experiments “in air.’’ It 
is interesting that a small but definite loss continued up to a temperature of 750° or more, in 
agreement with the finding by Brindley et al. (Min. Mag., 1952, 29, 963) that nacrite (a mineral 
similar to kaolinite) retained traces of water up to ca. 800° in air. The small loss below 200° is 
of course due to adsorbed water. 

The curves for surface area plotted in Fig. 3 show that little if any increase in specific surface 
accompanies the loss of water. Curve V has been calculated from the nitrogen, and Curve VI 
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from the oxygen, isotherms; the two agree satisfactorily with each other and also with the 
curves (not shown) based on “‘ preliminary ”’ sets of isotherms of nitrogen and of oxygen. 

To obtain a more intimate picture of the effect of heat on the surface area one may plot the 
surface, say S’, per g. of non-volatile material present in the product. This is readily calculated 
as S’ = S (1 — w/100), where w is the percentage of water lost when the sample was prepared 
by calcination. The curve of S’ against temperature of calcination then represents the way in 
which one and the same sample of kaolinite, originally ca. 1-16 g., would change in area when 
heated for 5 hr. at each temperature, if the effect of all previous heating could be ignored. As 
will be seen, S’ from both nitrogen (III) and oxygen (IV) sorption drops as the temperature 
rises from 50° to 800°, with a suggestion of a slight rise at 600° in the nitrogen curve, and a 
rather more pronounced drop and subsequent rise in the region 400—600° in the oxygen curve. 

The X-ray photographs have been interpreted by Mr. Cundy as follows: 200°, 400°, 
kaolinite; 500°, 600°, 750°, 800°, lines due to mica impurity only, no kaolinite lines left; 900°, 
faint lines of y-alumina also; 1100°, y-alumina plus some mullite; 1200°, 1400°, mullite. 

The results for apparent density in carbon tetrachloride are plotted in Fig. 3; in Curve I 
the fall of some 4% between 400° and 500°, corresponding to the loss of water, will be noted, as 
will the steady rise up to 900°; and the gentle rise thereafter corresponds to the gradual 
formation of mullite. 

Owing to lack of time, the study of the rate of dissolution in hydrochloric acid at 93° had to 
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be restricted to three samples, viz., the original material, and samples which had been heated at 
500° and 1000°. Neither the original nor the 1000° sample dissolved appreciably even after 
26 hr. in the hot acid, whereas the 500° sample dissolved extensively; calculation from the 
final conductivity of the solution showed that some 37% of the solid had gone into solution. 

Finally, the data for bulk volume V (= 1/bulk density) are plotted in Fig. 3, Curve II. 

Of main interest is the fact that V changes only very slightly for the wide range 50—900°, 
and then decreases sharply from 900° to 1400°, 7.e., in the range where mullitisation is taking 
place. 


DISCUSSION 


From the viewpoint of the present series, the most significant feature of the results is 
the absence of an appreciable increase in specific surface when the kaolinite loses its 
structural water, in contrast to the rise of several-fold encountered with solids such as 
magnesium hydroxide or aluminium hydroxide. As might be expected from the fact that 
hydroxy] ions are involved, the lattice becomes greatly disturbed in the process, and the 
product at 500—800° is not a mere pseudo-lattice of kaolinite (cf. Part I, J., 1953, 3940). 
The values for apparent density pe support this conclusion, for if a perfect pseudo-lattice 
were formed when dehydroxylation occurs, e would fall by the same percentage as the 
weight (since the volume would be unchanged), #.e., by 13-6%; the actual fall is only 
ca. 4°%, indicating that the structure is much more compact than the pseudo-lattice would 
be. The small but definite fall in 9 signifies the presence of holes that are too small to 
admit carbon tetrachloride molecules; and since there is no rise in the specific surface the 
holes must also be too small to admit nitrogen or oxygen molecules. Since they were 
formed by the elimination of H atoms and OH groups, however, it might be expected that 
the holes they leave behind would be large enough to admit hydrogen ions. This inference 
is supported by the very considerable solubility of the 500° sample in acid. 

The rapid fall in area from 800° or 900° onwards corresponds to the crystallisation of 
the solid to give first some y-alumina and then increasing amounts of mullite; it is 
interesting that this sintering should first occur when the temperature is in the region of 
the Tammann temperatures of alumina and of silica (ca. 960° and 760°, respectively), and 
also when the last traces of water appear to have been driven off (cf. Part I, loc. cit.). 

The fact that the sintering occurring below 800° is so slight at first seems anomalous, 
for according to the mechanisms outlined in Part I considerable sintering would be 
expected at temperatures below the Tammann temperature, because of adhesion and 
surface diffusion. The reason for the smallness of the effect lies in the coarseness of the 
starting material—it was all coarser than 500 A, and 40% was coarser than 5000 A—which 
would not only militate against adhesion (cf. Andreasen ef al., Kollotd-Z., 1939, 86, 70; 
Gregg, ‘‘ Surface Chemistry of Solids,” Chapman and Hall, London, 1951, p. 56) but would 
restrict the scope of surface diffusion, inasmuch as the areas of good fit of neighbouring 
grains would be small. Above the Tammann temperature, where lattice diffusion of ions 
can occur, both crystallisation within a grain and movement of matter across grain 
boundaries (leading to grain growth) would be possible. 

The data for bulk volume V fit satisfactorily into the general picture : between 50° and 
100° V rises because the adsorbed water, which had reduced adhesion, is driven off and the 
grains adhere together more firmly so that the mass acquires an elementary “ structure ” 
with an enhancement in volume (cf. Gregg and Behrens, J]. Appl. Chem., 1951, 1, S 139). 
From 100° to 900° V shows little alteration (the fall at 300°, which has been confirmed by 
duplicate measurement, is unexplained) because neither the size nor the true density of the 
grains changes very much; but from 900° onwards V falls rapidly because the grains are 
becoming much larger and the proportion of intergranular space is correspondingly 
diminishing, from ca. 83°% of the total volume at 700° to ca. 54% at 1400°. 

Concluston.—Kaolinite does not significantly increase or decrease in specific surface 
when it loses a volatile product by thermal decomposition. Expressed in the terms of 
Part I (loc. cit.), this is because the solid remaining (meta-kaolinite) is relatively stable and 
shows no marked tendency to break up into crystallites of a more stable form. Such 
stability is compatible with our knowledge of the structure of kaolinite (cf. Brindley and 
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Robinson, Min. Mag., 1946, 27, 242): the conversion of each pair of hydroxy] ions into a 
single oxygen ion could leave the remainder of the aluminosilicate sheet still intact, though 
greatly distorted; the tetrahedral co-ordination of the oxygen around the silicon ions need 
not be greatly affected, the aluminium ions suffering a change from an octahedral (40H 
plus 20) to a tetrahedral (40) disposition; the latter would, as Tscheidschwili has pointed 
out (Ber. deut. keram. Ges., 1939, 20, 249) be stabilised by the neighbouring SiO, network. 


Our cordial thanks are offered to Mr. C. K. Cundy for kindly undertaking the X-ray examin- 
ation of the samples, to Dr. N. O. Clark and Mr. T. W. Parker for valuable discussions, and to 
the Agricultural Research Council for a grant. 
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809. The Mechanism of Decomposition of Potassium Permanganate in 
Alkaline Solution and its Bearing on Oxidation by this Reagent. 


By M. C. R. Symons. 


The rates of change in colour of permanganate and of oxygen evol- 
ution have been measured for the reaction 4MnO,- + 40H~ —» 
4MnO,2- + 2H,O + O,. The results obtained for the first 65% and for 
the last 35% of the decomposition are in agreement, respectively, with the 


equations 
._b/2 = oe 
K, = =( as, — ,) and K, 2S “(< ome xs) 


where Ky, Ky, K,, and K, are constants, a is the initial concentration of 
permanganate, b the concentration of alkali, and S, and S, are respectively 
the slopes of the lines obtained by plotting time against (i) the reciprocal of 
the concentration of permanganate ‘for the last 35%, and (ii) that of the 
square of the concentration of permanganate for the first 65% of the 
decomposition. 

A mechanism involving the intermediate formation of the radicals and 
ions ‘OH, -O-, HO,~, and *O,~ is proposed, and the contribution made by 
these particles to oxidations by permanganate is discussed. 


THE rate of the reaction 4MnO,- + 40H- —» 4Mn0O,?- + 2H,O + O, was measured at 
various temperatures and concentrations of alkali by Ferguson, Lerch, and Day (J. Amer. 
Chem. Soc., 1931, 58, 126), who, however, reached no conclusions as to the mechanism of 
the reaction. Working at concentrations of alkali below 0-72mM, Duke (cbid., 1948, 70, 
3975) found that the reaction rate is greatly increased by addition of barium ion to 
precipitate manganate; the reaction then follows a zero-order law. Since under these 
conditions the reaction was heterogeneous, Duke postulated that the rapid equilibrium 
reaction MnO, + H,O —» MnO,?- + H+ + -OH is followed by a slow adsorption of 
hydroxyl radicals on the glass surface, where they combine to form hydrogen peroxide, 
which is then rapidly oxidized to give oxygen. 

The theory that the free hydroxy] radical is the active oxidizing agent in many reactions 
of alkaline permanganate, first postulated by Stamm (‘‘ Newer Methods of Volumetric 
Analysis,’ trans. by Oesper, Van Nostrand Co. Inc., New York, 1938), has recently been 
criticized by Drummond and Waters (J., 1953, 435). It has, however, been invoked to 
explain certain observations concerning the oxidation of optically active branched-chain 
carboxylic acids by means of potassium permanganate in concentrated alkaline solution 
(Kenyon and Symons, J., 1953, 3580). 

In an attempt to throw more light on the problem, the rate of decomposition of perman- 
ganate has been measured photometrically at 25° for alkali concentrations between 2-76 
and 7-:73M. The reactants were mixed in glass-stoppered Pyrex test-tubes, and portions 
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removed and diluted for measurement, the dilution effectively quenching the reaction. 
Absorption by the green manganate ion was minimized by fitting green filters (No. 5) to 
the ‘‘ Spekker”” photometer, and the small residual absorption by this ion was readily 
estimated since the absorptions caused by manganate and permanganate were additive. 
The validity of this method was checked by comparing the results with those obtained by 
measuring the rate of evolution of oxygen. The rates of decomposition were sensibly the 
same, whether the reaction mixture was kept in darkness or exposed to bright light, 
maintained at reduced pressure, or kept in contact with fine glass helices. Consistent 
results were only obtained by either procedure when the water was twice distilled from 
permanganate in concentrated alkaline solution and all glassware was repeatedly washed 
with a similar solution. 

Up to 65% decomposition, a plot of the square of the reciprocal of the permanganate 
concentration against time is linear. For a fixed concentration of alkali, the slopes obtained 
are proportional to the initial concentration (a) of permanganate raised to a power between 
—2and —3; for a fixed initial concentration of permanganate, the slopes are proportional 
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to the concentration (d) of alkali raised to a power between 3 and 4. For the remainder of 
the decomposition, the reaction changes and a plot of the reciprocal of the concentration of 
permanganate against time is linear. Again, the slopes are proportional to between the 
third and the fourth power of alkali, but now to the initial concentration of permanganate 
raised to a power between —1 and —2. The results of a series of experiments for which 
the concentration of alkali was 7-73m are shown as a third-order plot covering 65% 
decomposition in Fig. 1 and as a second-order plot covering 90% of the reaction in Fig. 2. 

Only one formulation has been found which gives rise to a kinetic expression compatible 
with these results. In arriving at this formulation, it has been assumed that only simple 
electron- and proton-transfer reactions take place, that no reaction occurs between un- 
stable intermediates, that permanganate is not even transiently reduced beyond the 
manganate stage, and finally, that the hydroxyl ion, being present in large excess, will 
undergo reaction at all possible stages. 


) MnO,- + OH- === MnO,°- + -OH 
) -OH + OH- ==" -O- + H,O 

3) MnO,- + OH- + -O- ==" MnO,?- + HO,- 
) 
) 
) 


a 


MnO,” + HO,- === MnO,2- + HO, 
5 HO, + OH- == 0O,- + H,O 
6 MnO,- + O,~ ——» MnO,?- + O, 
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Since the rate of the total reaction is unaffected by variation in oxygen pressure, 
reaction (6) must be irreversible, and hence application of Christiansen’s formulation 
(Z. physikal. Chem., 1936, 33, B, 145; 1937, 37, B, 374) leads to the expression 


ad =K,; K,x Kx Ky? K,;x3 Ke 
dx (a—x)b T (a — x)b? +t (a — x)*b8 + (a — x)303 + (a — x)3b4 + (a — x)4bA 
ee. Aa pe _ hake 
where K, = ky’ K, = bk; B3= kihesh, etc. 


(k and k_ being the rate constants of the forward and the reverse reactions), and (a — x) 
and x representing the concentrations of permanganate and manganate at time ¢. 

The term involving (a — x)~4 would give rise, on integration, to an expression containing 
(a — x)*. In order to be compatible with the experimental results, it must be assumed 
that K, is small and that the sixth term in this expression may be neglected for the first 
part of the reaction. After integration, this «xpression becomes 


K,a , K; a \|(K, , Ke K,;—K, , 3Ksa 
i «(58 + F)- [0S (G+ 7 ee a 


jecmannen pets 3 _ eS ee Ce 
+(-4. 1) ( b8 b4 ] © | (a — x)? ap3 + at) 

This equation may be solved for K,, Ky, Kz, Ky, and A,;. However, since the 
experimental results give a linear plot of ¢ against 1/(a — x)®, it may be deduced at once, 
if this formulation is correct, that ¢ is governed largely by the terms involving 1/(a — x)?, 
and hence that K,, Ky, and K, are not appreciably greater than K, or K;._ The present 
results cannot be used to give further information regarding the values of K,, Ky, and Ky, 
though more precise measurements during the initial stages of reaction might prove useful 
in this respect. At a first approximation, therefore, all terms other than those involving 
1/(a — x)? may be considered constant, and the following relation should hold : 

1/S, = a*K,/2b° ot. a°K,,/2b4 . . . . . . . (i) 

where Sy, is the slope of the graph of ¢ against 1/(a — x)*. 

In order to compare this equation with the results obtained during the first 65°% of 
decomposition, a representative number of experimental values were substituted and the 


resulting equations solved in pairs for K,. The values of K; given in col. 7 of Table 1 
were then calculated for each experiment, an average value of 920 for K, being used. 


TABLE 1. 
Series 10°a(m) b(m) S, 10°S,; 10°K, 10°K,; Series10°a(m) b(m) S, 10S; 10°K, 10°K, 
IA 29 7:73 155 29-8 80-1 74:0 IIA. 9:395 3-16. —. 13 ——e 
IB 386 36,, 108 13:3 17-2 74:8 IIB 58 » 0135 0-085 92-8 66-0 
IC ee 7:94 71 7170 746 IIIA 145 358 3 12 81:5 67-2 
ID 615, 540 3:55 831 750 IIIB 2-9 a am: to ee a OS 
IE eee 2:80 097 785 742 IVA 475 7:73 0-175 0011 785 59-3 


As x —» a, the reaction would be expected to become of fourth order, whereas, in fact, it 
becomes of second order in permanganate. It must, therefore, be assumed that there is an 
alternative route for the formation of oxygen when the concentration of permanganate is 
small. It is known that hydrogen peroxide decomposes rapidly in concentrated alkaline 
solution though the rate of decomposition is reduced if the alkali used has been specially 
purified (Shanley and Greenspan, Ind. Eng. Chem., 1947, 39, 1536). The rate of 
decomposition is greatly increased by addition of traces of heavy-metal ions, such as are 
present in ‘‘ AnalaR ” grade sodium hydroxide. One possible mode of decomposition is : 


ky 
(7) HO,- + X + OH- —-» X!- + H,O + 0, 


(where X and X*- are respectively the oxidized and the reduced form of the catalyst), 
followed by re-oxidation of X?> to X. 
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Replacement of equations (4), (5), and (6) in the previous formulation by (7), treatment 
of (7) as irreversible, and application of Christiansen’s formulation results in the expression 


dé  “K, Kx Kx cde 
dx (@—xb* @—xe* @— x * @— xX] 


where [X] is constant and K, = k_,k_,k_3/kykokgk,, By using a procedure similar to that 
previously described, the terms, obtained by integration, having (a — x) in the denomin- 
ator, may be rearranged to give 


1/S, = aK,/0* + a®K,/ 20 oe oe ED 


where S, is the slope of the graph of ¢ against 1/(a — x). 

Col. 6 of Table 1 contains values of K, obtained for each experiment by assuming an 
average value of 7-24 x 10° for K, obtained from equation (ii) by substituting a represent- 
ative number of experimental figures and solving for Kg in pairs. 

The values for A, and K, are reasonably constant for a fixed concentration of alkali, 
and the small variation with a large change in the concentration of alkali may well be due 
to a change in the activity coefficient of the hydroxy] ion, for which no allowance is made. 
It is considered that the results obtained from measurements of the rate of oxygen evolution 
(Series IV) show that the photometric method is satisfactory. At the same time, the 
similarity of the results obtained by the two methods serves to show that there is 
no accumulation of any of the intermediates involved, and justifies the application of 
stationary-state kinetics. 


TABLE 2. 
G° G° 
Stage (kcal. /mole) K’ k,|/k_,; R_/Rk-, Stage (kcal. /mole) K’ ki jks Rk_|k_, 
(1) +33 10-* — _ (5) — 91 10’ 10 10-* 
(2) 0 1 a —- (6) — 26 10'* — a 
(3) —18-6 1013 1018 1 (7) a — 10° — 
(4) + 5-6 10-* 8 8 x 104 


Accordingly, it is postulated that this alternative route for the formation of oxygen, 
namely, the catalysed decomposition of hydrogen peroxide, although of no importance 
during the major part of the reaction, predominates when the concentration of permanganate 
is low. It is hoped that further light may be thrown on this aspect of the problem by the 
use of more highly purified sodium hydroxide. 


DISCUSSION 


Duke (loc. cit.) formulates the first stage in the decomposition as a reaction between 
permanganate ions and water rather than hydroxide ion, since he maintains that reactions 
between ions of like charge are improbable. However, the reverse step constitutes a 
reaction between three particles, all of which are present in minute concentration. This 
difficulty is partially overcome by the sequence 


MnO,- + H,O —-» MnO,- + OH + H+ 
MnO,2- + OH ——» MnO, + OH- 


but the reaction would then become independent of the concentration of alkali, which is 
contrary to observation. The theory that hydroxyl radicals are intermediates in fast 
reactions between permanganate and other negative ions is unlikely if stage (1) is accepted. 
As an alternative, it is postulated that direct electron-exchange reactions between negative 
oxy-ions may be facilitated by their size and ease of polarization. 

The formation of the radical ion -O~ would, a priori, seem probable in strongly alkaline 
solution, and there is some evidence for its formation in alkaline solution (Gordon, Hart, 
and Hutchison, J. Amer. Chem. Soc., 1952, 74, 5548). If it be assumed that the acid 
strengths of hydroxyl radicals and water are comparable, then the free-energy change for 
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stage (2) is zero (Weiss, ]. Chim. phys., 1952, 48, cl, concludes that Koy should be at least 
as great as that of H,O,). The third stage, which is unlikely to be a single reaction between 
three negative ions, probably comprises the three reactions MnO,- +- O- —» MnO,?- + O; 
O + OH- —» HO,-; and MnO,?- + HO,- —» MnO, + OH- + :O-. 

The approximate standard free-energy changes (AG°) and hence the equilibrium 
constants (K’) for the individual steps in the postulated mechanism have been calculated 
from the values given by Latimer (‘‘ Oxidation Potentials,” Prentice-Hall Inc., New York, 
1952) and are given in Table 2, together with values for the velocity constants ks, k_s, Ry, 
ky, ks, ks, and ky expressed. as multiples of k_,, which have been derived from the 
equilibrium constants and the observed values for Ks, Ky, K;, and K,. 

In arriving at these values, no allowance has been made for the extra energy required 
to overcome the repulsive forces between the negative ions involved in stages (1), (3), (4), 
and (6). The tabulated free-energy values may therefore require considerable modification, 
but, since the permanganate ion is large, a quantitative estimation would be difficult and 
has not been attempted. A consideration of these figures suggests that, provided K, is 
large, which is probable, k_;/k, is very small, which is in agreement with the main part of 
the reaction being of third, rather than fourth, order. It is possible that the radical ion -O- 
has a high mobility as a result of exchange reactions such as -O- + OH- == OH- + -O- 
or ‘O- + H,O == OH- + -OH = H,0 + °O- which would, in part, sapien the very 
large value derived for kg. 

The experiments described above show that when the concentration of alkali is greater 
than 2-76N, the reaction is affected neither by light nor by the area of solid surface. How- 
ever, Duke’s results indicate that at relatively low concentrations of alkali, the reaction 
does become heterogeneous. 

The assumption that permanganate is not transiently reduced beyond the manganate 
stage seems justified, since no formulation has been found involving, say, MnO,°-, which 
fits the kinetic results. It is noteworthy, however, that when manganate solutions are 
heated with a large excess of alkali, more oxygen is evolved and a bright blue compound is 
formed. This is presumably a compound of quinquevalent manganese (MnO,°-) (Lux, 
Z. Naturforsch., 1946, 1, 281) and may well be formed by a similar mechanism. It is, 
therefore, considered that these results support the theory that potassium permanganate 
may act as a source of free hydroxyl radicals (or -O- radical ions) when in concentrated 
alkaline solution, although there seems no reason to suppose that its usual mode of reaction 
is via attack by these radicals. In fact, it would seem unreasonable to suppose that 
hydroxyl ions should yield electrons to permanganate more readily than a substance with 
a smaller electron affinity, unless the hydroxy] ions are in very great excess. 

Drummond and Waters (loc. cit.) have given evidence that, under mild conditions, the 
permanganate ion only acts as an electron abstractor. The conditions used, however, 
were such that, in the absence of organic material, oxygen evolution would be negligible 
and it is therefore possible that they would have failed to detect oxidation due to attack 
by the hydroxyl radical or the -O~- radical ion. That may account, in part, for the 
differences found by these authors between the mode of reaction of alkaline permanganate 
and of Fenton’s reagent. [However, it is not certain that all oxidations by Fenton’s 
reagent are brought about by free hydroxy] radicals (Cahill and Taube, J. Amer. Chem. Soc., 
1952, 74, 2312), and many are known to be reactions with hydrogen peroxide catalysed 
by free hydroxyl radicals—a mode of reaction clearly impossible with alkaline 
permanganate. ] 

In accord with this is the deduction drawn from a study of the behaviour of optically 
active compounds (Kenyon and Symons, Joc. cit.), viz., that the conversion of branched- 
chain carboxylic acids RR’CH-(CH,],"CO,H into the corresponding hydroxy-acids 
RR’C(OH)-(CH,],,°CO,H by the use of potassium permanganate in concentrated 
alkaline solution (MnO,- —» MnO,?-) proceeds via the formation of the radical-ions 
RR’C-(CHg],°CO,-. These reactions take place rapidly under conditions such that in 
dilute alkaline solution the acids are unaffected. Accordingly, it is postulated that the 
hydrogen abstraction is brought about by the hydroxyl radical or the -O~ radical-ion 
rather than the permanganate ion. 
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These two modes of oxidation of organic compounds 


RH + OH- === R- + H,O; R- + MnO,- —» R: + Mn0,- 
and 
MnO,- + OH- ==" MnO,- +-OH; RH + -OH —®R: + H,O 


both result in the formation of the radical R* as an unstable intermediate. An alternative 
mode of reaction involves the formation of a stable organic molecule by a two-electron 
change, together with a compound of quinquevalent manganese. Since, in strongly 
alkaline solution, compounds of quinquevalent manganese are relatively stable and the 
reaction MnO, + MnO,3- —» 2Mn0O,?> is fast, this mechanism seems to be compatible 
with the observed formation of manganate as an end-product. (Even if a compound of 
quadrivalent manganese were formed by disproportionation before oxidation occurred, 
this would still be oxidized to manganate by permanganate in concentrated alkaline 
solution.) 

Such a mechanism could account for the oxidation of pinacol and for the initial 
formation of a cis-glycol when compounds containing an olefinic bond are oxidized by 
this reagent (Boeseken, Rec. Trav. chim., 1922, 41, 199). The alternative mechanism 
proposed by Drummond and Waters (involving the transient formation of an organic 
radical-ion) does not explain cis-addition, nor is it compatible with the observed reactions 
between potassium permanganate and acrylonitrile (Symons, Research, 1953, 6, 5S). 
Thus, it has been found that, when a few drops of neutral permanganate are added to a 
large excess of a saturated aqueous solution of acrylonitrile, manganese dioxide is rapidly 
formed, but no polymer separates. If a transient radical-ion were formed, this would 
either be capable of initiating polymerization itself, or would react with water to give a 
radical identical with that produced by reaction with hydroxyl radicals. (The observation 
that polymerization is initiated when concentrated alkali is present can hardly be due to a 
change in the properties of the permanganate ion but may well be the result of attack by 
radicals formed as a side reaction between permanganate and hydroxide ions.) 


EXPERIMENTAL 


Materials —All reagents used were of ‘‘ AnalaR”’ grade. Water for preparing solutions 
and for final washing of apparatus was twice distilled from permanganate in concentrated 
alkaline solution. Glassware was repeatedly washed with a similar solution of permanganate. 
The permanganate and hydroxide solutions were boiled and filtered before being standardized. 

Proceduve.—The desired quantities of sodium hydroxide solution and. water were placed in a 
glass-stoppered Pyrex tube in a thermostat at 25° + 0-02°. Potassium permanganate solution 
was then added, and the mixture shaken until homogeneous. At known times, 2- or 4-ml. 
samples were removed by pipette and placed in a 25-ml. flask. After dilution to the mark, the 
extinction of the solution was measured with a ‘‘ Spekker’’ photometer fitted with green 
filters (No. 5). The extinctions for solutions of permanganate and manganate of known 
concentration were measured separately, and hence the small absorption due to the presence of 
manganate was estimated by the use of a plot showing the combined reading due to manganate 
and permanganate against [MnO,°7]. 

For the second method, a modified hydrogenation apparatus was used, in which the reaction 
vessel could be vigorously shaken (at such a rate that the results were independent of the rate 
of shaking), and the volume of oxygen evolved was measured to within +0-01 ml. at constant 
pressure. The reaction was carried out in a constant-temperature room at 25° + 0-1°. 


Thanks are expressed to Dr. J. W. Smith for his interest in this work, and to 
Imperial Chemical Industries Limited for a grant. 
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810. Syntheses in the Colchicine Series. Part I. Products from the 
Stobbe Condensation of Methyl y-(2: 3: 4-Trimethoxybenzoyl)butyrate 
with Dimethyl Succinate. 


By H. J. E. LoEWENTHAL. 


The half-ester from the condensation mentioned in the title was 
demethylated and cyclised on being treated with strong acids, yielding 
a coumarin derivative. Total remethylation and subsequent Dieckmann 
cyclisation then led predominantly to a ketone containing a seven-membered 
ring fused to a coumarin ring, as well as to a derivative of 3-(2: 3: 4-tri- 
methoxyphenyl)cyclohex-2-enone. The former product was transformed into 
derivatives of 4-(2 : 3: 4-trimethoxyphenyl)cyclohept-3-enone. 


COLCHICINE is now believed to be represented by (I), in which ring B is seven-membered 
(Cook et al., J., 1947, 746; 1951, 13897; Rapoport et al., J]. Amer. Chem. Soc., 1951, 73, 
1414) and ring c is that of a tropolone ether (Dewar, Nature, 1945, 155, 141; Tarbell et al., 
J. Amer. Chem. Soc., 1948, 70, 1669; 1950, 72, 240), although final proof is lacking. The 
present paper describes experiments designed to yield the A—c system, and specifically to 
yield a 2’: 3’ : 4’-trimethoxyphenylcycloheptane in which the seven-membered ring contains 
functional groups suitable both for transformation into a tropolone system and for use in 
construction of ring B. 

Condensation of methyl y-(2 : 3 : 4-trimethoxybenzoyl) butyrate with dimethyl succinate 
in the presence of potassium ¢ert.-butoxide in ¢ert.-butanol at room temperature gave, in 
excellent yield, an oily half-ester (presumably II; R = Me, R’ = H), which by hydrolysis 
gave a crystalline triacid in 57% overall yield. These structures are based on analogy 
with similar products from the same condensation with the corresponding unsubstituted 
and 4’-methoxy-substituted keto-esters (Johnson, Jones, and Schneider, tbid., 1950, 72, 
2395; Turner, 7bid., 1951, 73, 1284), but confirmation of the position of the double bond by 
oxidation could not be effected in the present case. When the crude half-ester was treated 


y, 
[CH,],"CO,R , 
B NHAc SS J « 7 ’ 2s _fCHals CO,R 
Meod ay © SN MOON =) NO-CH,CO,R’ i PO ge, 
; —/ \_/OMe MeO OMe ov R/O > co * ws 
MeO OMe O,R i 


(I) (II) (IIT) 


with concentrated mineral acids under conditions which, in similar compounds, lead to the 
removal of the tertiary alkoxycarbonyl group (cf. Johnson et al., loc. cit.), a high-melting 
phenolic acid was obtained in varying yield. This was identified as a coumarin derivative 
(III; R = R’ = H), produced, apparently, by demethylation and hydrolysis, followed by 
lactonisation between the resulting 2’-hydroxy] and the tertiary carboxyl group. 

Much study was devoted to improving the yield of this coumarin, and the conditions 
finally adopted include irradiation by ultra-violet light. This may possibly facilitate a 
total conversion of the half-ester, which presumably is a mixture of the cts- and the trans- 
isomer, into the cis-form (cis refers to the long carbon chain; cf. J., 1952, 5059). 

Unsuccessful attempts were made to synthesise this intermediate unambiguously, by the 
von Pechmann condensation of pyrogallol or of its dimethyl ether with ethyl 3-oxohexane- 
1: 2:6-tricarboxylate (IV), which was prepared from 2-oxopentane-1 : 5-dicarboxylate 
(Hunter and Hagg, tbid., 1949, 71, 1922) by means of ethyl bromoacetate. However, 
it is known that a-substitution in $-keto-esters generally inhibits to some extent their 
reaction with phenols (Elderfield, ‘‘ Heterocyclic Compounds,” Interscience Publ., New 
York, 1951, Vol. II, p. 184), and pyrogallol is generally less suitable than other phenols for 
this reaction (Canter, Robertson, and Martin, J., 1931, 1877). In fact, the unsubstituted 
2-oxopentane-1 : 5-dicarboxylate condensed smoothly with pyrogallol, to give a coumarin 
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derivative which was converted into 7 : 8-dimethoxy-4-3’-carboxypropylcoumarin (V; 
R = BH). 

Total methylation of the intermediate (III; R= Me, R’ =H) with potassium 
carbonate and methyl sulphate in acetone gave, in excellent yield, the dimethyl ester 
(III; R = R’ = Me), whose coumarin structure was confirmed by the similarity of its 


CH,},"CO,R ’ >.” ry 
BON EE Ce apn < a ¢ > ss 
H,CO,Et 9 . 
2 2 M ‘o-co 
(IV) (V) (V1) 


absorption spectrum to that of the monomethyl ester (V; R= Me). Dieckmann 
cyclisation of the diester, with sodium hydride in benzene, led to two products. One. 
formed in larger amount, was the cyclohepteno-compound (VI; R = CO,Me), in which 
the coumarin ring was intact. Its formulation as the 3’- rather than the 5’-methoxy- 
carbonyl compound is put forward on the assumption that in (III; R = Me) the methylene 
group indicated by an asterisk is likely to be activated preferentially in view of its proximity 
to the double bond in the coumarin ring (for a similar case, see Belleau, J. Amer. Chem. Soc., 
1951, 73, 5150). The second product of cyclisation was a phenolic keto-acid; apparently, 
the coumarin ring had been opened, and transesterification and the alternative ring-closure 
had led to a product which on acid hydrolysis gave, probably, (VII; R= R’ = H): 
methylation gave the trimethoxy-ester, whose formulation was confirmed by cyclisation 
to the phenol (VIII; R = H). 


MeO OR MeO OMe 
—" laN 
M CS jj oe an, Meo S R, 
[8 se MeO ‘o_co 
H,:CO,R’ RO 
(VII) (VIII) (IX) 


When the Dieckmann cyclisation (of III; R= R’ = Me) was conducted with 
potassium /ert.-butoxide in benzene (Johnson et al., ibid., 1953, 75, 2275), the relative yield 
of (VII; R = R’ = H) was increased, probably owing to the appreciable solubility of the 
catalyst in .e reaction medium. 

Acid hydrolysis of the keto-ester (VI; R = CO,Me) gave a ketone, (? VI; R= H), 
whose exact structure is in doubt. Its 2:4-dinitrophenylhydrazone showed light 
absorption (Amex. 353 my, log e 4-505) typical of that of a normal ketone (Braude and Jones, 
J., 1945, 497), but the infra-red spectrum of the ketone itself (bands at 1602, 1650, and 
1730 cm.“! in carbon tetrachloride, and additionally at 1713 cm.“! in Nujol) indicates the 
presence of an «f-unsaturated ketone grouping, in addition to the coumarin ring-carbonyl 
group (the author is indebted to Dr. G. D. Meakins of the University of Manchester for 
these results), suggesting that the coumarin double bond has shifted further within the 
seven-membered ring (cf. Scott and Tarbell, /oc. cit.). The presence of the cyclohepteno- 
ring in the ketone was confirmed by hydrogenolysis of the mercaptal (IX; R = SEt) to 
7 : 8-dimethoxycyclohepteno(1’ : 2’-3 : 4)coumarin (IX; R = H), whose melting point was 
not depressed on admixture with an authentic specimen (Boekelheide and Pennington, 
J. Amer. Chem. Soc., 1952, 74, 1558) kindly provided by Professor V. Boekelheide. 


o— F aaa: fo’ k fre, * ae, Th go 
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When the coumarin ring in the ketone (VI; R = H) was opened by methylation with 
sodium hydroxide and methy] sulphate, an oily keto-acid resulted, but the derived ketal 
(X), under special conditions, gave excellent yields of the crystalline ketal acid (XI), 
readily hydrolysed in acid to the keto-acid (XII). 
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2-p-Methoxyphenyl-6-oxocyclohexenylacetic acid, an analogue of (VII; R= Me, 
R’ = H), was obtained by Turner (loc. cit.) by Stobbe condensation with methyl y-p- 
anisoylbutyrate under forced conditions. His formulation, with the double bond 
unconjugated to the carbonyl group, was reached because this acid and compounds related 
to it showed light absorption different from that to be expected in compounds containing 
the #-OMe:C,H,°C:C-CO» chromophore (as in anisylideneacetone), although it was in 
accord with that found for simple 3-oxo-2-phenylcyclohexeny! derivatives (Wilds, Beck, 
Close, Djerassi, Johnson, Johnson, and Shunk, 7id., 1947, 69, 1985). The light absorption 
of the methyl ester (VII; R = R’ = Me) is similar to that of Turner’s compounds, but in 
this case the presence of an «$-unsaturated ketone grouping is strongly mdicated by the 
absorption of the 2: 4-dinitrophenylhydrazone (Amax. 388 my, log « 4:50) (Braude and 
Jones, loc. cit.). 

In the cyclohepteno-keto-acid (XII) the position is less clear. Here the tendency for 
the double bond to be in conjugation with either the aryl or the carbonyl group might be 
expected to be of roughly the same order. The experimental evidence obtained so far 
suggests that normally the structure is as shown, but that under acid conditions the double 
bond shifts towards conjugation with the carbonyl group. 


EXPERIMENTAL 
Microanalyses by Mr. J. M. L. Cameron and Miss M. W. Christie. 


Methyl y-(2: 3: 4-Trimethoxybenzoyl)butyrate.—To a suspension of coarsely ground alumin- 
ium chloride (158 g.) in tetrachloroethane (300 c.c.) at —30°, pyrogallol trimethyl ether (100 g.) 
was added, and the mixture was stirred at —10° for 0-5 hr. y-Ethoxycarbonylbutyryl chloride 
(100 g.) was then added dropwise at —1° during 0-5 hr. The mixture was stirred at 4° for 3 hr., 
then at room temperature overnight. It was decomposed with ice and hydrochloric acid, the 
lower layer was separated and washed several times with water, and the solvent removed in 
steam. The remaining oil, which gave a positive reaction with ferric chloride, was washed with 
water by decantation and mixed with methyl sulphate (171 c.c.) and ethanol (150 c.c.). A 
solution of sodium hydroxide (74 g. in 150 c.c. of water) was then added at <30° with stirring 
under nitrogen during 1 hr. More sodium hydroxide was then added and the mixture was 
refluxed to hydrolyse the ester formed. The mixture was acidified, the oily y-(2: 3: 4-tri- 
methoxybenzoyl)butyric acid was taken up in benzene, the solution dried, and the solvent 
removed im vacuo. Recrystallised from hexane, the acid had m. p. 74—76° (Haworth, Moore, 
and Pauson, J., 1948, 1045, report m. p. 73—75°). The semicarbazone formed needles (from 
dilute ethanol), m. p. 161—162° (Found: N, 12-3. C,;H,,O,N, requires N, 12-4%). 

The above crude acid was esterified by Clinton and Laskovsky’s method (J. Amer. Chem. 
Soc., 1948, 70, 3136), with ethylene dichloride (160 c.c.), methanol (75 c.c.), and sulphuric acid 
(3c.c.). After 6 hrs.’ heating under reflux the mixture was washed with water and dilute sodium 
carbonate solution, the lower layer was dried (MgSO,), and the solvent removed. The residue 
distilled at 180—185°/0-4 mm., to give the methyl ester (139 g.), which crystallised on cooling. 
Recrystallisation from light petroleum (b. p. 60—80°) gave prisms, m. p. 60—61° (Found: C, 
60-9; H, 6-9. C,,H 0, requires C, 60-8; H, 6-8%). The 2: 4-dinitrophenylhydrazone formed 
orange needles, m. p. 122°, from methanol (Found: N, 12:3. C,,H.,O,N, requires N, 11-8%). 
5-5 G. of the acid were recovered. 

Use of glutaric anhydride (Horning and Koo, ibid., 1951, 73, 5830), instead of the ester acid 
chloride, gave a lower yield and involved an extremely viscous reaction mixture. 

Stobbe Condensation with Dimethyl Succinate.—To a solution of potassium (23-5 g.) in dry 
teyt.-butanol (500 c.c.), dimethyl succinate (128 g.) was added with stirring under nitrogen, 
followed by the above keto-ester (128 g.), finely divided, at room temperature. The mixture 
was stirred until all the solid had dissolved (1 hr.), and then left at 20° overnight (cf. Johnson, 
Jones, and Schneider, Joc. cit.). It was then acidified to pH 5; water (500 c.c.) was added, and 
most of the ¢ert.-butanol removed in vacuo. The remaining oil was taken up in ether—benzene, the 
solution extracted with N-ammonia, and the extract adjusted to pH 8, washed with benzene, 
and acidified with hydrochloric acid. The half-ester (II; R = Me, R’ = H), which separated, 
was taken up in ether and dried, and the solvent removed, finally im vacuo at 100°. The 
remaining light brown oil weighed 164 g. (93%) (Found : equiv., 355-390. Calc. for C.gH.,0, : 
equiv., 410). 


[1953] 


Loewenthal : Syntheses in the Colchicine Sertes. 


Part I. 3965 


Hydrolysis to 3-(2:3: 4-Trimethoxyphenyl) hex -2-ene-1:2:6-tricarboxylic Acid (Il; R= 
R’ = H).—The oily half-ester (9-7 g.) was refluxed for 2 hr. with a solution of hydrated barium 


hydroxide (15 g.) in ethanol (30 c.c.) and water (120 c.c.). 


The suspension of barium salts was 


acidified with hydrochloric acid and the clear solution extracted several times with chloroform. 


The dried extracts were evaporated and the residue again dissolved in chloroform (20 c.c.). 


To 


the hot solution benzene (50 c.c.) was added, and the solution was distilled until most of the 
chloroform had been displaced. On cooling and scratching, the ¢riacid (5-1 g.) separated. 
Recrystallisation from chloroform-—benzene gave needles, which after being dried im vacuo, 


first at room temperature and then at 100°, had m. p. 142—144° (decomp.). 


The acid was 


appreciably soluble in water (Found: C, 56-7; H, 5:55. C,sH,,O, requires C, 56:55; H, 
5-8%). Hydrolysis with 2N-sodium hydroxide at 100° for 0-75 hr. gave similar results. 
Attempts to oxidise the half-ester (by ozonisation; Johnson and Stromberg, ibid., 1950, 
72, 509) or the triacid (with potassium permanganate in acetone or in alkaline solution) gave 
oils which showed carbonyl reactions; but neither y-(2: 3: 4-trimethoxybenzoyl)butyric acid 


nor any of its derivatives could be isolated. 
7 : 8-Dimethoxy-3-methoxycarbonylmethyl-4-3'-methoxycarbonylpropylcoumarin 


(I; R= 


R’ = Me).—The crude half-ester (52 g.) was added to acetic acid containing 50% hydrogen 
bromide (150 c.c.) in a 250-ml. quartz flask, and kept for 10—-15 days in bright daylight, with 


occasional irradiation by a mercury-vapour lamp. 
crystallised out. 
product was filtered off, washed thoroughly with water, and dried at 100°. 
28-5 g. (69-7%), reckoned as (III). 

The above conditions were found to be the best for this reaction. 
used, the conditions otherwise being identical, the yield fell to 49%. 


During this time most of the product 
Water (150 c.c.) was then added (evolution of methyl bromide), and the 
The yield was 


When a Pyrex flask was 
When the half-ester 


(10-9 g.) was refluxed with acetic acid (80 c.c.), water (20 c.c.), and aqueous hydrogen bromide 
(d 1-42; 85 c.c.) for 18 hr., the yield was 35%, and with hydriodic acid (55%) at 100° for 8 hr. 


A ages é 
it was 39%. 


The above crude reaction product (31-1 g.) was refluxed with vigorous stirring in acetone 
(500 c.c.) with dry potassium carbonate (115 g.) and methy] sulphate (60 c.c.) for 4 hr. Most of 
the acetone was then distilled off, and the residue poured into water, whereupon the dimethyl 
estey (III; R= R’ = Me) separated (32-5 g., 62:5% overall yield from the half-ester), m. p. 


114—115°. 


60-35; H, 5-4; OMe, 34. 


It crystallised from methanol (charcoal), as needles, m. p. 115—116° (Found: C, 
C,,H,.0, requires C, 60-3; H, 5-85; 40Me 33%). 
Amax, 320 my (log ¢ 4:23), Anin, 269 my (log ¢ 3-75), in EtOH (see Fig. 1). 
by boiling 10% sodium hydroxide solution for 3 hr. 
methyl-4-3’-carboxypropylcoumarin (III; 


Light absorption ; 
This ester was hydrolysed 
On acidification, 7 : 8-dimethoxy-3-carboxy- 
R=H, R’= Me) separated slowly; 


it formed 


needles, m. p. 240° (decomp.), from dilute acetic acid (Found: C, 58-05; H, 5-2. C,,H,,O0, 


requires C, 58-25; H, 5-2%). 


Ethyl 2-Oxopentane-1:5-dicarboxylate.—This was prepared by the action of y-ethoxy- 
carbonylbutyryl chlorideon ethoxymagnesiomalonic ester (Hunter and Hagg, Joc. cit.), in 33% 
yield, acetic acid containing 0-22% sulphuric acid (Bowman, J., 1950, 322) being used to effect 


partial de-ethoxycarbonylation of the intermediate product. 


Bowman and Fordham’s method 


(J., 1951, 2758), employing benzyl ethyl malonate, was also used; here the yield was slightly 
higher, but the method was much more cumbersome. The keto-ester distilled at 99—105° /0-25mm. 
and had nl) 1-4477 (Birkofer and Storch, Chem. Ber., 1953, 86, 32, report n?# 1-4511) (Found: C, 


57-3; H, 8-0. Calc. forC,,H,,0;: C, 57-4; H, 7-9%). 


The derived phenylpyrazolone formed pale 


yellow needles (from dilute methanol), m. p. 240° (decomp.) (Found: N, 10-4. C,;H,,0;N, 


requires N, 10-2%). 


Ethyl 3-Oxohexane-1 : 2: 6-tricarboxylate (IV).—The above-mentioned keto-ester (8-93 g.) 


was added to a suspension of sodium hydride (1-03 g.) in dry ether (50 c.c.). 


After a clear 


solution of the sodium enol derivative had been obtained, ethyl bromoacetate (7-77 g.) was 


added with stirring, and the resultant suspension refluxed for 3 hr. 


The mixture was added to 


dilute sulphuric acid and ice; the ethereal layer was washed with water and dried, and the 


ether removed. 
135—139°/0-2 mm., 
It gave a greenish-purple colour with ferric chloride in methanol. 
could be prepared from it. 


7-6%). 


The residue was fractionated in vacuo, to give the keto-ester (IV) (7-28 g.), b. p. 
1-4518 (Found: C, 56-8; H, 7-2. C,,;H,,O, requires C, 56-9; H, 
No phenylpyrazolone 


Attempts to condense this keto-ester with pyrogallol or its 1: 2-dimethyl ether were 


unsuccessful. 
Acid hydrolysis gave y-oxosuberic acid, needles (from ethyl acetate-benzene), m. p. 131— 
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132° (Found: C, 51-2; H, 6-5. Calc. for C,H,,0;: C, 51-1; H, 64%). Leonard and Goode 
(J. Amer. Chem. Soc., 1950, 72, 5404) report m. p. 130—132°. 

7 : 8-Dimethoxy-4-3’-carboxypropylcoumarin.—Ethy] 2-oxopentane-1 : 5-dicarboxylate (4-67 g.) 
was mixed with finely divided pyrogallol (2-77 g.), and sulphuric acid (10 c.c.) was added with 
cooling. The deep red mixture was kept at 0° for 2 days and was then poured into water. The 
solid was filtered off, washed with water, and dried. It was then mixed with dry potassium 
carbonate (5-8 g.), methyl sulphate (3-6c.c.), and acetone (40c.c.), and the suspension was refluxed 
with stirring for3hr. The product obtained by pouring the whole into water was hydrolysed by 
boiling 10% sodium hydroxide solution (20 c.c.) for 2 hr. The cooled solution was adjusted to 
pH 8, filtered, and acidified, to give the acid (V; R = H) (1-75 g., 30%), needles (from water), 
m. p. 167° (Found: C, 61-75; H, 5-75. C,,;H,,.O, requires C, 61-65; H, 55%). The methyl 
ester, prepared in methanol-sulphuric acid, crystallised from dilute methanol in needles, m. p. 
101° (Found: C, 62:7; H, 5-9. C,,H,,0, requires C, 62-8; H, 5-95%). Light absorption : 
Amax. 317 mu (log € 4°16); Amin, 265 my (log ¢ 3-75), in EtOH (see Fig. 1). 
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Fic. 1. A, 7: 8-Dimethoxy-4-3’-methoxycarbonylpropylcoumarin in ethanol. 
B, 7: 8-Dimethoxy-3-methoxycarbonylmethyl-4-3'-methoxycarbonylpropylcoumarin in ethanol. 


Fic. 2. A, Methyl 6-ox0-2-(2 : 3 : 4-trimethoxyphenyl)cyclohex-1-enylacetate in ethanol. 
B—D, Methyl 6: 6-ethylenedioxy-2-(2:3 : 4-trimethoxyphenyl)cyclohept-1-enecarboxylic acid (B) 
in ethanol, (C) in ethanol containing ca. 2% of HCl, after 1 day, and (D) as (C) but after 3 weeks. 


Dieckmann Cyclisation of (III; R = R’ = Me).—(a) With sodium hydride. The dimethyl 
ester (26-5 g.), sodium hydride (4-1 g.), and dry benzene (250 c.c.) were refluxed under nitrogen 
with stirring until hydrogen evolution had ceased (9 hr.). Excess of catalyst was destroyed by 
methanol, the solution cooled in ice, and ice-cold water (300 c.c.) added. The aqueous layer 
was washed with ether and neutralised to pH 8 by addition of solid carbon dioxide. The 
precipitated 7: 8-dimethoxy-3’-methoxycarbonyl-4’-oxocyclohepteno(2’:1’-3:4)coumarin (VI; 
R = CO,Me) was filtered off and washed with water. Crystallisation from methanol gave 
fluorescent needles, m. p. 190° (decomp.), which gave a deep purple colour with ferric chloride in 
methanol (Found: C, 62-3; H, 5-3; OMe 27-5. C,gH,,0O, requires C, 62-4; H, 5-2; 30Me 
27%). The crude keto-ester was hydrolysed by refluxing it for 2 hr. with acetic acid (100 c.c.), 
hydrochloric acid (50 c.c.), and water (20 c.c.).. The solution was cooled, and water (200 c.c.) 
was added. This precipitated 7 : 8-dimethoxy-4’-oxocyclohepteno(2’: 1’-3:4)coumarin (VI; 
R = H) as yellow needles (9-3 g.), which crystallised from benzene or ethanol as needles or 
leaflets, m. p. 190° (Found: C, 66-8; H, 5-7. C,,H,,O,; requires C, 66:7; H, 56%). The 
2: 4-dinitrophenylhydrazone formed saffron-yellow needles (from chloroform—butanol), m. p. 
229—230°( decomp.) (Found: C, 56-2; H, 4:4; N, 11:3. C,,H,,O,N, requires C, 56-4; H, 
4:3; N, 11-95%). Light absorption : Agax 353 my (log ¢ 4-505) in CHCl,. 

The filtrate (pH 8) from the above keto-ester was strongly acidified with hydrochloric acid, 
and the suspension was boiled for 1 hr. After cooling, the oil was extracted with ethyl acetate, 
and the extract washed several times with 5% sodium carbonate solution. Acidification of the 
washings gave a dark oil which slowly solidified (4-1 g.)._ This gave a colour with ferric chloride 
and a precipitate with Brady’s reagent (acid A, probably VII; R= R’ =H). The neutral 
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residue, after removal of the ethyl acetate, yielded another 0-3 g. of the ketone (VI; R = H), 
making the total yield of this 48%. 

(b) With potassium tert.-butoxide. Potassium (1-37 g.) was dissolved in dry éert.-butanol 
(30 c.c.) and most of the excess of alcohol was removed in vacuo; the last traces were then 
distilled off as the azeotrope with dry benzene (b. p. 73—75°) through a Widmer column. The 
diester (III; R = R’ = Me) (10-5 g.) in dry benzene (100 c.c.) was then added under nitrogen, 
and the mixture was refluxed for 4 hr., during which the catalyst dissolved to give way to a fine 
suspension of potassio-derivatives. The mixture was then worked up as above; the yield of 
the ketone (VI; R = H) was 2-9 g. (36%), that of the crude acid A 2-6 g. 

6-Ox0-2-(2 : 3: 4-trimethoxyphenyl)cyclohex-1-enylacetic Acid (VII; R= Me, R’ = H).— 
The above acid A (1-5 g.) was refluxed with dry potassium carbonate (2-8 g.) and methyl sulphate 
(1-6 c.c.) in acetone (12 c.c.) with stirring for 3 hr. The mixture was poured into water and the 
dark oil extracted with benzene. The washed and dried extract was passed through a column 
of activated alumina, which retained most of the dark impurities. The benzene eluate was 
concentrated; the residue crystallised from light petroleum, to give the methyl ester (VII; 
R = R’ = Me), which from light petroleum (b. p. 60—80°) formed needles, m. p. 90° (Found : 
C, 64:55; H, 6-7. C,gH,.O, requires C, 64:7; H, 665%). Light absorption: Ags, 233 
(log ¢ 4-195) and 287 my (log e 3-89); Agin, 260 my (log ¢ 3-71) in EtOH (see Fig. 2). The 
2: 4-dinitrophenylhydrazone, red leaflets (from ethanol), had m. p. 174—175° (Found: C, 
56-25; H, 5-6; N, 10-5. C,,H,,O,N, requires C, 56-0; H, 5-1; N, 10-99%). Light absorption : 
Amax, 388 my (log e« 4-50) in CHCl . 

Alkaline hydrolysis of this ester gave the free acid (VII; R = Me, R’ = H) which crystallised 
from ligroin (b. p. 100—120°) in fine needles, m. p. 113—-116° (not sharp) (Found: C, 64-0; H, 
6-5. C,,H.»O, requires C, 63-75; H, 6-3%), and from carbon tetrachloride as needles, m. p. 
107° (decomp.), containing half a molecule of solvent, which was not removed in vacuo at 80° 
(Found : C, 53-2; H, 5-05; Cl, 17-95. C,,H,., 0.,0-5CCI, requires C, 52-8; H, 5-05; Cl, 17-85%). 
The semicarbazone, leaflets (from dilute ethanol), had m. p. 212—-214° (decomp.) (Found: N, 
10-95. C,,H,,;0,N, requires N, 11-15%). The action of diazomethane on this acid in ether 
regenerated the methyl ester, m. p. and mixed m. p. 90°. 

1:2: 3: 4-Tetrahydro-9-hydroxy-5 : 6 : 7-trimethoxy-1-oxophenanthrene—The above acid 
(0-4 g.) was added to an excess of anhydrous hydrogen fluoride, which was then allowed to 
evaporate slowly in an open vessel overnight. Sodium acetate solution was added, and the 
solid collected and dissolved in warm sodium hydroxide solution. Addition of solid carbon 
dioxide precipitated the phenol (VIII; R = H) (0-3 g.), which was purified by passage of its 
benzene solution through activated alumina, followed by elution with chloroform—methanol. 
Crystallisation from benzene-ligroin gave yellow needles, m. p. 211—212° (Found: C, 67-45; 
H, 5-65. C,,H,,0, requires C, 67-55; H, 6-0%). Methylation with methyl sulphate and 
alkali gave the methyl ether (VIII; R = Me), which after sublimation at 180°/0-2 mm. and 
recrystallisation from methanol, formed needles, m. p. 131—132° (Found: C, 68-1; H, 6-15; 
OMe, 38. C,,H,,O, requires C, 68-3; H, 6-35; 40Me 39%). 

7 : 8-Dimethoxycyclohepteno(2’ : 1-3: 4)coumarin (IX; R = H).—The ketone (VI; R= 
H) (0-35 g.) was added to a solution of zinc chloride (0:7 g.; fused im vacuo) in ethanethiol 
(12 c.c.), and anhydrous sodium sulphate (0-7 g.) was added. The mixture was left at 0° over- 
night and at room temperature for 6 hr. The excess of thiol was removed in vacuo, sodium 
chloride solution and ether were added, and the ethereal layer was washed several times with 
sodium hydroxide solution and water, and dried. Removal of the ether and trituration of the 
residue with light petroleum gave 7: 8-dimethoxy-4’ : 4’-bisethylthiocyclohepteno(2’ : 1’-3 : 4)- 
coumarin (IX; R = SEt) (0-30 g.), needles (from dilute methanol), m. p. 127° (Found: C, 
61-2; H, 6-95; S, 16-4. C,9H,,0,S, requires C, 61-0; H, 6-65; S, 16-25%). 

This (0-17 g.) was refluxed in absolute ethanol (20 c.c.) with Raney nickel (1-5 g.) for 5 hr. 
The mixture was filtered and the ethanol removed. The remaining oil crystallised when rubbed 
with light petroleum. The crystals (ca. 0-08 g.) were sublimed at 180°/0-3 mm., and the 
sublimate (m. p. 128—132°) was recrystallised several times from dilute ethanol and from light 
petroleum (b. p. 80—100°), to give lozenges, m. p. 133—-135°. The mixed m. p. with an 
authentic sample of the coumarin (IX; R = H) of m. p. 135-5° (Boekelheide and Pennington, 
loc. cit.) was 184—135°. 

7 : 8-Dimethoxy-4’ : 4’-ethylenedioxycyclohepteno(2’ : 1’-3 : 4)coumarin.—The ketone (VI; 
R = H) (8-0 g.) was refluxed in dry benzene (100 c.c.) with ethylene glycol (20 c.c.) in the 
presence of toluene-p-sulphonic acid (0-5 g.) under an azeotropic water separator for 4 hr. 
More benzene was added; the mixture was neutralised by addition of sodium methoxide and 
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poured into warm sodium chloride solution. The benzene layer was quickly dried (MgSO,) and 
the solution concentrated. Addition of ligroin precipitated the ketal (X) (8-27 g.), which 
crystallised from ethanol or benzene in leaflets, m. p. 175—176° (Found: C, 65-5; H, 6-15. 
C1 3H O, requires C, 65-1; H, 6-05%). 

Opening of the Coumarin Ring.—The above ketal (8-0 g.) was suspended in boiling ethanol 
(18 c.c.). To this was added, at the b. p., 15% sodium hydroxide solution (35-0 c.c.), where- 
upon a clear light red solution resulted. After 10 min. methyl sulphate (5-6 c.c.) was added 
dropwise during 0-5 hr. The mixture was refluxed for a total of 8 hr., during which another 2 
such additions of alkali and methyl sulphate were made. The alcohol was then distilled off and 
the remaining solution diluted with water to 200 c.c. and adjusted with solid carbon dioxide to 
pH 8. The unchanged ketal (2-17 g.) was filtered off, and the filtrate acidified to pH 5 at 0° 
with stirring under benzene. The benzene layer was washed thoroughly with water and dried, 
and the solvent removed. The remaining oil crystallised immediately with ether, to give 
6 : 6-ethylenedioxy-2-(2 : 3 : 4-trimethoxyphenyl)cyclohept-l-enecarboxylic acid (XI) (5-82 g.), 
which crystallised from benzene-ligroin in needles, m. p. 145—146° [Found: C, 62-7; H, 6-7; 
microhydrogenation (Pd in acetic acid), 0-98 H,. C,,H,,O, requires C, 62-6; H, 6-65%]. The 
methyl ester, prepared by ethereal diazomethane, was purified by passage of its benzene solution 
through activated alumina, followed by crystallisation from light petroleum (b. p. 40—60°), 
to give needles, m. p. 80° (Found: C, 63-8; H, 7:05. C,9H,.O, requires C, 63-5; H, 6-95%). 
Light absorption: see Fig. 2. 

Ring opening of the ketone (VI; R = H) in the above manner gave an oily keto-acid in 
practically quantitative yield, but this could not be crystallised or otherwise characterised. It 
(2-5 g.) was therefore converted into the ketal as described above, and the oily ester obtained 
was hydrolysed with 10% sodium hydroxide solution, Acidification as above under benzene 
yielded an oil which on trituration with ether gave the above ketal-acid (0-95 g.), m. p. 142— 
145°. 

The ketal-acid (0-5 g.) in methanol (10 c.c.) and water (4 c.c.) containing hydrochloric acid 
(0-5 c.c.) was gently refluxed for 3hr. The solution was concentrated im vacuo below 40°. The 
oil obtained crystallised on trituration with a little ether, to give 2-(2: 3: 4-trimethoxyphenyl)- 
6-oxocyclohept-l-enecarboxylic acid (XII) (0-31 g.), which separated from benzene-light 
petroleum (b. p. 80—100°) in needles, m. p. 115° (Found: C, 63-8; H, 6-2. C,H, O, requires 
C, 63°75; H, 63%). The semicarbazone, needles (from dilute methanol), had m. p. 189° 
(decomp,) (Found: N, 11-45. C,,H,,;0,N; requires N, 11-15%). 

When more strongly acidic conditions were used for the cleavage of the ketal group, the 
product was an oil which crystallised with great difficulty, but when this was taken up 
in benzene, extracted with sodium carbonate solution, and re-precipitated with acetic acid, it 
crystallised immediately, 

The action of diazomethane on this keto-acid gave an oil, which gave a gum with Brady’s 
reagent. Chromatography of the gum in chloroform solution on alumina showed the presence 
of two products (red and yellow), but neither could be obtained crystalline. Esterification of 
the ketal-acid with methanolic hydrogen chloride at room temperature gave a similar oil. 

A solution (2-0 c.c.) of the ester of (XI) in ethanol, containing 3-16 x 10 mole/I., was diluted 
to 25-0 c.c. with ethanol containing 0-5 c.c. of hydrochloric acid. The absorption spectrum of 
this solution after 1 day (Apex, 315 mu; log ¢ 3-89) and after 3 weeks (Amax, 325 my, log 4-205) is 
shown in Fig. 2. 
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811. Interaction of 8-Aroylacrylic Acids and Aluminium Chloride. 
By G. BADDELEY, S. M. MAkar, and (Miss) M. G. Ivinson. 


Whereas §-2 : 5-dihydroxy- and §-5-chloro-2-hydroxy-benzoylacrylic acid 
and their derivatives undergo intramolecular acylation (I —» III), cyclis- 
ation of §-2-hydroxy-5-methyl- and §-2-hydroxy-3 : 5-dimethyl-benzoyl- 
acrylic acid is effected by intramolecular alkylation (I[V—»V); an 
explanation of this difference is offered. 

6-2-Hydroxy-4 : 5-dimethylbenzoylacrylic acid is comparatively stable 
and £-2-hydroxy-4 : 6-dimethylbenzoylacrylic acid gives 65: 7-dimethyl-4- 
oxochroman-2-carboxylic acid (VIII). 


QuINOL and its derivatives combine with maleic anhydride in the presence of excess of 
aluminium chloride to provide naphthazarins (III; X = OH) (Zahn and Ochwat, Annalen, 
1928, 462,72; Winzer, J., 1935, 336; Macbeth, Price, and Winzer, J., 1935, 1982; Kuroda 
and Wada, Proc. Imp. Acad. Japan, 1936, 12, 239; Brockmann and Miiller, Annalen, 
1939, 540, 51), and a similar reaction occurs when quinol is replaced by 4-chloro-1-naphthol 
(Zahn and Ochwat, loc. cit. ; Walden and Poppe, A nnalen, 1937, 527, 190) or by p-chlorophenol 
(see Experimental section). Although §-2 : 5-dihydroxyaroyl- and §-5-chloro-2-hydroxy- 
aroyl-acrylic acids (I; X = OH and Cl respectively) have not been isolated from the 
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products of these reactions, it is probable that they are intermediates since it is now shown 
that they undergo intramolecular acylation (I —» III): §-2 : 5-dimethoxybenzoylacrylic 
acid was obtained from quinol dimethyl ether and maleic anhydride in methylene 
chloride and reacted with excess of aluminium chloride (a) in ethylene chloride at 80° 
and (b) at 200°, to give 6-2-hydroxy-5-methoxybenzoylacrylic acid (I; X = OMe) and 
naphthazarin respectively. Similarly, $-5-chloro-2-methoxybenzoylacrylic acid gave 
8-5-chloro-2-hydroxybenzoylacrylic acid (I; X-=Cl) and 5-chloro-8-hydroxy-1 : 4 
naphthaquinone (III; X = Cl). 

Other §-aroylacrylic acids afford 3-oxoindane-l-carboxylic acids by intramolecular 
alkylation (e.g., see IV —» V) (Baddeley, Holt, and Maker, /., 1952, 3289); ¢-2-hydroxy- 
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5-methylbenzoyl- and @-2-hydroxy-3 : 5-dimethylbenzoyl-acrylic acids (IV; R =H and 
Me respectively), which have now been obtained by reaction of maleic anhydride with 
p-cresol and m-4-xylenol respectively, behave in this way. This is not a general reaction of 
-o-hydroxyaroylacrylic acids: {-2-hydroxy-4 : 5-dimethylbenzoylacrylic acid does not 
cyclise and $-2-hydroxy-4 : 6-dimethylbenzoylacrylic acid (VII; R =H), which is one 
of the products of interaction of m-5-xylenol and maleic anhydride, affords 5 : 7-dimethyl- 
4-oxochroman-2-carboxylic acid (VIII). This acid is the other product of the above 
interaction and was identified by comparison with an authentic sample obtained from the 
aryloxyfumaric acid (VI); it is unaffected by fusion with excess of reagent and is also 
obtained when £-6-ethoxy-2 : 4-dimethylbenzoylacrylic acid (VII; R = Et), in ethylene 
chloride at room temperature, stands in contact with excess of reagent. Similar ring 
closures, ¢.g., 2: 5: 7-trimethylchromanone from 6-methoxy-2 : 4-dimethylpheny] propeny] 
ketone, have been reported by Auwers (Annalen, 1920, 421, 1). 

The following possibilities may determine whether ring-closure is effected as in (I —» 
ITI) or as in (IV —» V). 

(a) trans-$-Aroylacrylic acids from interaction of maleic anhydride and aromatic 
compounds (Lutz, J. Amer. Chem. Soc., 1930, 52, 3405; 1933, 55, 1168, 1593; J. Org. 
Chem., 1941, 6, 77) may be converted by aluminium chloride—hydrogen chloride into their 
cis-isomers (see Dippy, McGhie, and Young, Chem. and Ind., 1952, 195) which, only when 
conserved by formation of a chelate ring as in (II), provide intramolecular acylation 
(II —» III). 

(6) Electromeric release of electrons by an oxyaluminochloride group (—O-AICI, derived 
from —OH -+- AIC], —» —O-AICI, + HCl) and a chlorine atom, when these are present as 
substituents in the benzene ring, is more fully developed and therefore of greater directing 
influence in nuclear acylation than in nuclear alkylation: resonance interaction of these 
substituents and carbonyl group in the products of ortho-acylation facilitates this reaction 
by occurring, though to a smaller extent, in the transition state; there is no corresponding 
resonance stabilisation of the transition state of ortho-alkylation. This difference between 
the two reactions also explains why acylation of p-cresol and f-chlorotoluene occurs ortho 
to the oxyaluminochloride group and chlorine atom respectively whereas alkylation of 
p-cresol occurs ortho to the methyl group (J., 1944, 330). In keeping with the argument, 
bromination of -cresol in the presence of aluminium chloride resembles alkylation 
(Baddeley and Plant, J., 1943, 525). 


EXPERIMENTAL 


8-Aroylacrylic Acids.—(a) A warm solution of maleic anhydride (1 mol.) in methylene 
chloride was saturated with finely divided aluminium chloride and decanted into a solution 
of aromatic ether or diether in methylene chloride. The mixture was boiled under reflux until 
evolution of hydrogen chloride was comparatively slow and was then decomposed with ice. 
The organic layer was separated, washed with dilute mineral acid, and extracted repeatedly 
with sodium hydrogen carbonate solution. Acidification of the extracts gave the required 
acid which was isolated and recrystallised from acetic acid. The following §-aroylacrylic acids 
were prepared in this way : 

8-2 : 5-Dimethoxybenzoyl-, m. p. 147° (Papa et al., J. Amer. Chem. Soc., 1948, 70, 3356) ; 
8-2 : 4-dimethoxybenzoyl-, m. p. 190—192° (idem, ibid.; Rice, ibid., 1931, 58, 3156); B-3: 4- 
dimethoxybenzoyl-, m. p. 178° (Dave and Nargund, Brit. Abs., 1939, A II, 267); 8-6-ethoxy- 
2: 4-dimethylbenzoyl-, golden-yellow needles, m. p. 175—176° (Found: C, 67-8; H, 64%; 
equiv., 246. C,,H,,O, requires C, 67-7; H, 65%; equiv. 248); and 8-5-chloro-2-methoxy- 
benzoyl-, pale yellow needles, m. p. 141—142° (Found: C, 54-9; H, 3-6; Cl, 15-0. C,,H,O,Cl 
requires C, 54:9; H, 3-7; Cl, 14-8%). The last acid was demethylated by aluminium chloride 
(3 mol.) in boiling ethylene chloride and afforded 8-5-chloro-2-hydroxybenzoylacrylic acid as 
yellow plates, m. p. 196—198° (Found: C, 52-9; H, 3-1; Cl, 16-4. C,9H,O,Cl requires C, 
53-0; H, 3-1; Cl, 15-7%). Similarly, §-2: 5-dimethoxybenzoyl- afforded 8-2-hydroxy-5- 
methoxybenzoyl-acrylic acid as red needles, m. p. 196—198° (Found : C, 59-4; H, 4:3. C,,H,.O; 
requires C, 59-5; H, 4-5%). 

(b) A solution of maleic anhydride (1 mol.) and another of aromatic compound, each in 
ethylene chloride, were saturated with aluminium chloride and brought together. The mixture 
was set aside for a day at room temperature, or was warmed gently until reaction was complete, 
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and decomposed in the usual way. The solid product was isolated and recrystallised from 
acetic acid. The following 8-aroylacrylic acids were prepared in this way : 

8-2-Hydroxy-5-methylbenzoyl-, golden-yellow needles, m. p. 173—174° (Found: C, 63-8; 
H, 50%; equiv., 205. C,,H, 90, requires C, 64-0; H, 4:99; equiv., 206); 8-3: 4-dthydroxy- 
benzoyl-, needles, m. p. 218—220° (decomp.) (Found: C, 57-2; H, 4:1. C,9H,O, requires C, 
57:7; H, 3-9%). §8-2-Hydroxy-4 : 5-dimethylbenzoylacrylic acid, yellow needles, m. p. 192— 
193° (Found: C, 65-1; H, 52%; equiv., 220. C,,H,,O, requires C, 65-5; H, 5-5%; equiv., 
220), was obtained in better yield when the three components were brought together in mole- 
cular proportions; it absorbed hydrogen (1 mol.), affording 8-2-hydroxy-4 : 5-dimethylbenzoyl- 
propionic acid, m. p. 153—154° (Found: C, 64:7; H, 6-1. C,,H,sO, requires C, 64-9; H 
6:3) which, by admixture, did not depress the m. p. of the product of interaction of o0-4- 
xylenol and succinic anhydride. 8-2-Hydroxy-3 : 5-dimethylbenzoylacrylic acid, red needles, 
m. p. 134—138° (Found: C, 65-4; H, 5-5) gave (i) 2-hydroxy-3 : 5-dimethylacetophenone, 
m. p. and mixed m. p. 53—54°, when boiled with dilute alkali and (ii) B-2-hydroxy-3 : 5- 
dimethylbenzoylpropionic acid, m. p. 147—148°, by hydrogenation (Found: C, 64:7; H, 63%; 
equiv., 221. C,,H,,O, requires equiv., 222). This acid was also prepared from m-4-xylenol 
and succinic anhydride. §-2-Hydroxy-4 : 6-dimethylbenzoylacrylic acid, yellow needles, m. p. 
186—187° (Found: C, 65:2; H, 5-4%; equiv., 218), represented only 33% of the product 
of reaction; the remainder was 5: 7-dimethyl-4-oxochroman-2-carboxylic acid and crystallised 
from acetic acid in colourless needles, m. p. and mixed m. p. 147—148° (Found: C, 65-6; H, 
54%; equiv., 220) and was obtained in 45% yield when equimolecular proportions of the three 
components were used ; it was recovered after fusion with aluminium chloride—sodium chloride at 
150°. This acid gave no colour with ferric chloride; a solution in alkali at 60° was unaffected 
by addition of methyl sulphate ; in methanolic hydrogen chloride it gave an alkali-insoluble methyl 
ester which separated from methanol in long needles, m. p. 67-—-68° (Found: C, 66-3; H, 5-9. 
C,3H,,O, requires C, 66-6; H, 6-0%); it was decarboxylated with copper chromite in quinoline 
and the product, 5 : 7-dimethylchromanone, gave a bromo-derivative, m. p. 158—159° (Found : 
Br, 65-0%). 

Interaction with Aluminium Chloride.—This chloride (10 g.) and sodium chloride (1-5 g.) 
(both per g. of organic acid) were powdered together and heated by an oil-bath to 140°. The 
melt was continuously stirred in an atmosphere of dry nitrogen, the organic acid was gradually 
added, and the mixture was brought to a selected temperature. After a selected time the 
mixture was cooled and decomposed by ice, and the organic material was separated and purified : 

(a) 8-2: 5-Dimethoxybenzoylacrylic acid, after 1 hr. at 200°, gave naphthazarin which 
sublimed at 160—170°/0-1 mm.; this was reduced by stannous chloride to dihydronaphthazarin, 
m. p. 154° (Wheeler and Edwards, J. Amer. Chem. Soc., 1916, 38, 387), and oxidised in sodium 
hydroxide solution (0:5%) by air to naphthapurpurin, m. p. 222° (Kuroda, Proc. Imp. Acad. 
Japan, 1939, 15, 226). 

(b) 8-5-Chloro-2-hydroxybenzoylacrylic acid, after 2 hr. at 200°, gave 5-chloro-8-hydroxy- 
1 : 4-naphthaquinone, m. p. 199° (Guareschi, Ber., 1886, 19, 1156) (Found: C, 57-6; H, 2-4; 
Cl, 17-2. Calc. for C;,H;0O,Cl: C, 57-5; H, 2-4; Cl, 17-0%). It depressed the m. p. of the 
starting material on admixture. 

(c) 8-2-Hydroxy-5-methylbenzoylacrylic acid, after 1 hr. at 180°, gave 4-hydroxy-7-methyl- 
3-oxoindane-1-carboxylic acid, prisms, m. p. 149—150°, from water (Found: C, 63-9; H, 5-0%; 
equiv., 206. C,,H, 0, requires C, 64:0; H, 4:99%; equiv., 206). It gave a dark blue colour 
with ferric chloride and was decarboxylated to 7-hydroxy-4-methylindanone, m. p. 109—110° 
[p-nitrophenylhydrazone, m. p. 296—298° (Auwers, Ber., 1911, 44, 3692); acetate m. p. 108— 
109°; and benzoate, m. p. 124—125° (Auwers, Hilliger, and Wulf, Annalen, 1922, 429, 190)}. 

(d) 8-2-Hydroxy-4 : 6-dimethylbenzoylacrylic acid, after 1 hr. at 130°, gave 5: 7-dimethyl- 
4-oxochroman-2-carboxylic acid. (This isomerisation was also effected in warm ethylene 
chloride by aluminium chloride—hydrogen chloride.) 

5: 7-Dimethyl-4-oxochroman-2-carboxylic Acid (VIII).—A mixture of the sodium salt of m-5- 
xylenol and ethyl chlorofumarate in excess of the xylenol, after 3 hr. at 200°, gave the aryloxy- 
fumarate (VI), b. p. 166°/0-:08 mm.; hydrolysis gave 3: 5-dimethylphenoxyfumaric acid which 
separated from acetic acid in needles, m. p. 237—-239° (Found: C, 61:0; H, 5-1%; equiv., 117. 
C,.H,,0; requires C, 61-0; H, 5-1%; equiv. 118); and reduction with sodium amalgam gave 
the corresponding succinic acid from which (VIII) was obtained by the action of cold concen- 
trated sulphuric acid. 
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812. Anodic Processes. Part I. Anodisation at Low Current 
Densities of Mercury in Hydrochloric Acid. 


By R. H. Cousens, D. J. G. Ives, and R. W. PITTMAN. 


Experiments have been conducted on the anodisation of a mercury 
electrode in 0-1N-hydrochloric acid at 25°, under conditions of high purity 
and rigid deoxygenation. Evidence is presented that the anodic reaction 
results in the production of soluble mercuric compounds in excess of the 
concentrations defined by the disproportionation equilibrium of calomel, 
and that calomel is subsequently formed in a secondary, non-electrochemical 
reaction. Reasons for this behaviour are advanced. 


Previous work (Hills and Ives, J., 1951, 311) led to the suggestion that the 
calomel electrode possesses a specialised interfacial structure. This suggestion has been 
investigated by experiments on the anodisation of mercury in aqueous hydrochloric acid, 
with results of sufficient diversity and interest to merit an introductory survey. The 
experimental techniques which have been used are exacting, and simultaneous exploration 
of different aspects of the complex phenomena has been necessary : three of these aspects 
are dealt with in this and the two following papers. In these circumstances the conditions 
of experiment have necessarily been restricted to the single temperature of 25° and an acid 
concentration of approximately 0-1N, thus the effects of two main variables still await 
study. 

The initial system, as a polarised electrode, was very sensitive to traces of depolarising 
impurities, and great care was taken to exclude them. Hydrogen-overpotential measure- 
ments were made to provide a criterion of purity, and were found to conform to a Tafel 
equation y = 1-44 + 0-120logz, in reasonable agreement with the best available data (Jofa, 
Acta Physiochim. U.R.S.S., 1939, 10, 903; Bockris and Parsons, Trans. Faraday Soc., 
1949, 45, 916; Hillson, zbid., 1952, 48, 462; Hiskey and Post, ]. Amer. Chem. Soc., 1950, 
72, 4303). 

The techniques used in the anodisation investigations to be described may be broadly 
classified under two heads. (a) Those in which the potential of the mercury electrode 
was correlated with the quantity of electricity passed, but in which the current was not 
necessarily constant and was interrupted from time to time in attempts to allow the system 
to attain equilibrium. These will be called, loosely, “equilibrium experiments.” 
(b) Those which resulted in the production of potential-time curves arising from the passage 
of a constant, uninterrupted current through the cell. 

The present paper is concerned with experiments of the first class and these consisted 
of a series of anodisations performed on a mercury pool, 5 cm.? in area, beneath 100 ml. of 
0-1N-hydrochloric acid, through which hydrogen was continuously passed. The initial 
rest-potential of the electrode was some tens of mv below the calomel electrode potential 
appropriate to the concentration of acid (which will be implied in the term “ calomel 
potential ’’ throughout these papers). Each of the earlier anodisations was made at a 
current density of about 0-25 pa/cm.? and was stopped after a total of 5000 uc had been 
passed. The electrode was then left to assume a steady resting state before the resumption 
of the step-wise anodisations. Later in the series, current density and quantity of 
electricity were increased, or otherwise varied, to suit immediate purposes, but a record was 
kept of the total charge passed anodically from the beginning of the experiment, all of the 
operations being accompanied by readings of current, time, and potential. Periodically, 
during the resting periods, ‘‘ micropolarisation tests ’’ were applied to assess the degree of 
electrode reversibility. These involved rapid and systematically conducted anodisations 
on an even smaller scale, the potentials required to establish current densities of 0-04, 
0-08, 0:12, 0-16, and 0-20 pa/cm.? being determined, first in rising, and then in falling 
sequence. These tests were diagnostic in two ways: by the extent of the hysteresis 
between rising and falling branches, and by the average slope, di/dE, which for an ideally 
reversible electrode, should approach infinity. 
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The first item of interest arising from this work is found in the dependence of electrode 
rest potential on the total charge passed anodically, shown in Fig. 1. The rest potentials 
before and after an anodisation are joined by a line, labelled with the ordinal number of the 
anodisation, and the potentials (as throughout this series of papers) are measured with 
respect to a hydrogen electrode in the same solution. Some eccentricities in the curve are 
due to the very slow final self-adjustment of rest potentials and the unavoidable variation 
in resting periods during this lengthy series of some fifty anodisations. 
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It can be seen that a charge of 60 x 10° coulomb was required to bring the 
rest potential to the calomel potential (396-8 mv) from some 20 mv below it. If calomel 
were the sole anodic product, about 10-!* coulomb should have sufficed to saturate the 
whole volume of the solution, but, instead, 101° times this amount of electricity was 
required. Further anodisation on the same scale carried the rest potentials higher, over a 
flat maximum and finally down to the calomel potential only when visible, discrete, 
calomel crystals appeared, speckling the mercury surface. The fall to the calomel 
potential was very slow and not characteristic of removal by crystallisation of excess of 
solute from a normally, “ physically,” supersaturated solution. However, even the 
maximum concentration of any anodically produced solute was still only of the order of 
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10-5 equiv./1. and doubt was therefore felt whether the recorded data on the’ solubility (as 
distinct from solubility product) of calomel might not be in gross error. This would 
require calomel to be a weak electrolyte and, unlikely as this might be, it was a conceivable 
reason for the apparent low efficiency of its anodic generation. This possibility was 
immediately excluded by a radiochemical determination (with ?°%Hg) of the solubility of 
calomel in water : although of limited accuracy, this left no doubt that calomel is esentially 
a strong electrolyte. The apparent solubility in hydrochloric acid, however, was very 
much greater and indicated the tendency of calomel to disproportionate with formation of 
soluble products, but it would be premature to apply this known tendency (Sillén e¢ ai., 
Acta Chem. Scand., 1947, 1, 461, 437, 479; 1949, 3, 539) directly to the anodisation results. 
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It is, however, apparent that, at least in the earlier anodisations, calomel is not the anodic 
product. 

Attention may next be directed to the “ polarisation plots” of potential against time 
at constant current density. Two of the earlier members (11 and 20) are shown as insets 
in Fig. 1, and are not remarkable. It may be noted that when the current is stopped, the 
potential fall is not instantaneous, but follows a course consistent with loss by diffusion 
from the electrode surface of a soluble, potential-determining, anodic product. 

Further polarisation curves (numbered in accordance with Fig. 1), and subsequent 
reversibility tests, are shown in Figs. 2—5, which give a graphical representation of the 
main course of the anodisations and their effects. The sequence of changes which occurred 
can be summarised in three statements. (1) The polarisation curves developed maxima, 
the first appearance of which coincided with the observation of minute crystals of solid 
calomel upon the electrode surface [after the overnight rest following anodisation (32)]. 
These maxima, the traverse of which involves charges of the order of 10°* c or more, are 
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of a kind which suggests the supervention of one kind of electrode process by another, or, 
more conservatively, a change of dominance from one potential-determining factor to 
another. (2) The micro-polarisation curves, initially showing large hysteresis and low 
slope, underwent a series of changes coincident with the development of the peaks in the 
corresponding anodisation curves. After closure of the first hysteresis loop with little 
change of slope, a second hysteresis effect appeared, accompanied by a gradual increase in 
slope, followed by closure again and ultimate transition to a very steep linear plot 
characteristic of a truly reversible electrode. This strongly suggests a change from one 
electrode process to another. (3) Repeated observations were made of a very marked 
improvement of current-carrying ability and reversibility of the electrode on standing 


Fic. 3. 
408 8 408 3 408 2 408 3 
i 
406} | — 6 406 406|—} 
; 
~404 40 404 404+ 
& 402} —| in Re02}— 1% 2 Eid 
Se 
= = S| wala St 
400 % 400 u 400 oof 
xy xy * 
398 F883 , 3 £95 Ste 398 cos 398 33 : 
0. «20  , o.. 2 _ 20 
Minutes Minutes Minutes Minutes 
37 38 
0-2 x 02 02 
Nn, tS 
€ € 
S07 80-1 
< < 
x 
397 0 “S97 
E(mv) E(mv) 


overnight. Thus, of the two reversibility tests following polarisation (36) (Fig. 3), the 
first (with hysteresis and lower slope) was taken an hour after the anodisation : the second, 
with no intervening operations, was taken next morning. The great improvement in 
reversibility is confirmed by anodisation (37), at the same current density as (36), which 
shows a “‘ collapsed” polarisation curve with no peak and only a fraction of the former 
overpotential (measured in excess of the calomel potential). An increase of current density 
in the next anodisation (38), however, reinstated the higher, peaked polarisation curve. 
The same sequence of overnight improvement in reversibility and reinstatement of over- 
potential on increase of current density can be seen in anodisations (40), (41), and (42), but 
it will be seen that the maxima in the polarisation curves move successively to the right, 
whilst not increasing significantly in height. 

Reversions to lower current densities show, in general, the rapidly increasing depolaris- 
ation and reversibility of the electrode, but a very significant variation can be seen in 
anodisations (41)—(44). In the first of these, at 3-84 »A/cm.?, the overpotential was low, 
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after overnight resting: the second, following immediately, at 7-50 uA/cm.?, reached the 
high overpotential; the third, conducted shortly afterwards, at a current density reduced 
to 3-95 ua/cm.? (not significantly greater than the first) showed a tendency to reach much 
higher overpotentials than the first. The intervening anodisation at heavier current had 
not, apparently, effected much improvement, but rather the reverse. The benefit, how- 
ever, may have been latent, for the fourth of these anodisations, at 3-85 yA/cm.*, after 
overnight standing, showed little overpotential. 

The remaining anodisations of the sequence, at current densities becoming considerable 
in magnitude, showed the incidence of passivation (47 and 48) and the improvement in 
reversibility on resting [cf. (48), (49), and (50)). 
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The final operation in this experiment was the attempted reversal of the effects of the 
series of anodisations by similar low current-density cathodisation. The calomel was 
rapidly stripped away, but it was found to be impossible to restore the electrode to its 
original state even with very prolonged polarisation involving the passage of cathodic charge 
much in excess of that previously passed anodically. It is notable that cathodic current 
continued to flow almost indefinitely at low overpotentials. There can be no doubt that a 
catalytic “‘ impurity,” not readily reduced at the cathode, had been formed from the system 
itself in the previous operations. 

It seems evident that these experimental facts are consistent only with the production of 
a soluble anodic product which is potential-determining and is responsible for the tendency 
of the electrode to reach potentials and overpotentials in excess of the calomel potential. 
Further evidence for this has been obtained in a series of anodisations, conducted 
continuously, with step-wise increases of applied E.M.F. A low-resistance circuit was 
used, and, after the imposition of each new E.M.F., both current and potential were allowed 
to reach sensibly steady states. This experiment is illustrated in Fig. 6, where the upper 
curves indicate electrode potential and the lower current; they stand in approximately 
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mirror-image relation to each other. It is very unlikely, at the very low currents used, 
that concentration polarisation could be responsible for the shapes of these curves. The 
effects are consistent with the generation of soluble material, positive-directing for 
potential, reaching a new steady-state concentration at the electrode interface (a function 
of rate of generation and rate of loss by diffusion) with each enhanced value of polarising 
E.M.F. The sudden acquisition by the electrode of new current-passing ability is very 
apparent, in both potential and current curves. In the inset to Fig. 6, the very approximate 
steady-state currents are plotted against the corresponding potentials. The steeply rising 
linear section of this plot, extrapolated to zero current, does not have an intercept at the 
calomel potential (396-5 mv), but one much in excess of it. This strengthens the view that 
the high and the low overpotential states, so apparent in the former experiments, have their 
origin in a difference of electrode process. A controlled-current anodisation at a current 
density of 60 uA/cm.? was performed on this electrode at the conclusion of the experiment. 


Fie. 5. 
q 
« 
47 / 48 50 
408i 4 J 408 
406% “wom sence oh... 
~404>-—1 + 404 
> ok l 15-51. | > 385 
<r = [ualem*| S407) ajem? 
40055} 400 
s9atn t 396} — 
396 Syn__[s] gag Drone 
0 20. 4 60 eee 
Minutes Minutes 
49 50 
406 7 0-2 
404 , 
2 15-38 “. 
> 402}+—— — 
es palem? § ? 
<a 0-7 
400 < c:) 
398 { D 
Wee Xx x 
7 _ 20 40 O-°397 
Minutes E(mv) 


The potential-time curves, recorded oscillographically, showed a well-developed peak 
(see Part II). 

Discussion.—There can be little doubt that in the early stages of a low-current-density 
anodisation of a fresh Hg/HCl electrode no calomel is produced, yet calomel is ultimately 
formed. There is strong evidence from the polarisation curves, from the indications of 
change of electrode process given by the reversibility tests and from the slow non-electro- 
chemical reaction occurring on long standing, that the calomel is produced, partly or 
wholly, by a secondary process, yet, when the electrode becomes in fact a reversible calomel 
electrode, it is thermodynamically necessary that the reaction must be none other than the 
production or reduction of calomel, or species in equilibrium with it. It is, therefore, 
evident that, in the “ equilibrium experiments,” the states through which the electrode 
passes must really be a sequence of metastable states, very slow to reach ultimate stability. 
Anodisation under these conditions is therefore an inefficient way of forming a calomel 
electrode, and stands in very sharp contradistinction to the method of anodisation discussed 
in the following paper, which can generate a calomel electrode in a fraction of a second. 

A provisional interpretation of these results must be attempted since the conclusions 


have bearing on the following papers. 
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The anodisation of mercury at infinitesimal current densities would be expected, by 
reason of negligible departure from reversibility, to generate mercuric and mercurous ions 
in their equilibrium concentration ratio. The presence of a large excess of chloride ions, 
however, must greatly disturb this ratio. It has been confirmed that mercurous chloride 
is a strong electrolyte : chloride ions will therefore be indifferent to mercurous ions, unless 
the solubility product of calomel is exceeded. However, chloride ions strongly interact 
with mercuric ions, forming covalent mercuric chloride and complex mercurichloride 
anions, so that even if solid calomel is formed in vestigial intermediate amounts, the 
equilibrium, in 0-1N-hydrochloric acid, will lie far over in favour of generation of mercuric 
compounds during the low-current-density anodisations. But, however displaced the 
equilibrium, there is no apparent reason why the equilibrium ratio of mercurous to mercuric 
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compounds, proper to the given solution, should not be immediately established. Yet the 
“equilibrium experiments” strongly suggest that soluble mercuric compounds are 
generated in considerable excess even of this displaced equilibrium, and ultimately take 
part in a reverse reaction with mercury to generate calomel. It is suggested that the 
reason for this is that the generation occurs at the electrode interface, within the close 
Helmholtz layer, which is not representative of the bulk solution. The specific adsorption 
of chloride ions at mercury is generally accepted, and double-layer capacity measurements 
show increasingly extensive adsorption on the anodic branch of the electrocapillary curve. 
Such measurements are not extended as far as the calomel potential on the anodic branch 
without confusion due to leakage (evidence on this, however, is presented in the following 
paper): nevertheless, there can be no doubt that the anodic generation of mercuric ions 
occurs in a very high local concentration of chloride ions within the double layer. This 
mode of anodic generation of mercuric chloride and its derivatives will be subsequently 
referred to as ‘‘ Mechanism I.” The mercuric chloride molecules necessarily formed can 
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diffuse away and, as soon as they do so, the disequilibrium (with respect to the bulk 
solution) is frozen and must await, for its relief, either the normal processes of back-diffusion 
to the mercury surface, or, perhaps as well, the field-assisted diffusion of the complex 
mercuri-anions. It is worthy of remark that the postulation of the formation of complex 
mercurichloride anions provides a reasonable explanation of the ineffectiveness of cathodis- 
ation in reducing the elevated rest potential arising from anodisation. 

The peaks in the polarisation curves require special comment. The rising sections of 
these peaks in all cases suggest the smoothly rising potential characteristic of the continu- 
ation of the former electrode process, which, however, is modified by the onset of a new 
process which nullifies the accumulation at the interface of the material which is positive- 
directing for electrode potential. The immediate explanation is that the new process is 
the reaction of the primary anodic product, mercuric chloride, with the mercury to form 
calomel, but difficulties are encountered. It is necessary to assume, for example, that this 
process is a delayed one in order to explain the peak, otherwise there is no reason why at 
this stage of the sequence of anodisations, the mercuric chloride should not play the part 
of an active intermediate and reach a stationary steady-state concentration. The same 
assumption, however, is required to account for the fact that the rest potentials can remain 
more positive than the calomel potential for a matter of days. Other evidence suggests 
that the reaction between mercuric chloride and mercury is slow, but is autocatalytic. In 
further sections of this exploratory work it is strongly indicated that it may be justifiable to 
assume, as a working hypothesis, that ‘‘ nascent calomel ”’ upon the surface of mercury has 
a profound effect in promoting both electrochemical and non-electrochemical reactions in 
which the mercury takes part. 


EXPERIMENTAL 


Preparation of Materials—Mercury. <A single quantity of mercury, used throughout the 
work (and in the previous work of Hills and Ives, Joc. cit.), was, before each experiment, sprayed 
down a mercurous nitrate column, washed, dried, and distilled three times in a current of air 
at reduced pressure according to Hulett’s method (Phys. Review, 1911, 33, 307). This mercury 
was used for sealing taps and ground joints; the electrode mercury was in addition refluxed in 
pure hydrogen and finally distilled directly into the cell in a high vacuum. 

Water. Water was obtained from a still of the Stuart and Wormwell design (J., 1930, 85), 
fitted with a ‘‘ Vitreosil’’ condenser. The steam from distilled water containing potassium 
hydroxide and potassium permanganate was scrubbed with phosphoric acid and admixed with 
a rapid stream of pure nitrogen before condensation. The distillate was not collected until its 
conductance fell below 10-7? ohm=!. This water was used in the preparation of all solutions. 

Hydrochloric acid. ‘‘ AnalaR’’ potassium chloride was freed from traces of other halides 
by the method of Pinching and Bates (J. Res. Nat. Bur. Standards, 1946, 37, 311) and twice 
crystallised with rejection of head and tail fractions. Hydrogen chloride generated from this 
with ‘‘ AnalaR’’ sulphuric acid was passed through traps at —80°, absorbed in water, and 
stored at high concentration in a Vitreosil flask. The 0-1N-acid was prepared in a totally 
sealed, intensively cleaned apparatus, in which water was boiled repeatedly under a vacuum 
with intervening admissions of pure hydrogen. Water and the requisite amount of strong acid 
were distilled in hydrogen into the same receiver, hydrogen being passed through the distillate 
for some hours. This acid was transferred directly to the experimental cell, by hydrogen 
pressure, through all-glass connections, initially obstructed by a septum. 

Hydrogen and nitrogen. Commercial gases were passed through dust filters and tubes packed 
with potassium hydroxide pellets and deoxygenated by reduced copper in Vitreosil furnace 
tubes at 450°. The gases then passed through traps cooled in liquid air, through greased, 
mercury-sealed control taps and then through long, narrow, glass spirals cooled in liquid air; 
thereafter, the apparatus contained no greased taps or joints. Either gas could be passed 
through the experimental cell. 

Electrolysis Cell—The mercury electrode, of 5 cm.* surface area, was contained in a Pyrex 
electrode vessel of 100-ml. capacity. Contact was made to the electrode by means of a remote, 
vacuum-tight, pinch-seal of platinum foil and its potential was measured with respect to two 
normal hydrogen electrodes in a side vessel, communicating with the main one through a 
sintered-glass septum and a Luggin capillary. The other working electrode was a large 
hydrogen electrode in a separate compartment jointed by means of a closed, mercury-sealed 
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tap, the barrel of which was wetted with the solution. All the fittings to the experimental cell 
were mounted on dry, mercury-sealed cones, and all tubes for passage of gas or solution were 
all-glass. The apparatus was cleaned before use by means of fuming nitric acid, washing with 
‘‘ equilibrium water,”’ steaming from, and repeated washing in, conductivity water, and drying 
at 120°. The whole of the cell was evacuated to a ‘‘ hard vacuum ”’ and repeatedly flushed with 
hydrogen before the distillation of the mercury and the introduction of the solution. 

Electrical Appavatus.—E.M.F. measurements were made by means of a Tinsley 4025 
potentiometer. Polarising current was supplied either from an ancillary potentiometer or 
from commercial high-tension batteries with large, variable resistances in series when it was 
necessary to maintain the current at a constant value. All the electrical equipment was 
insulated with Polythene and screened. 


The authors record their thanks to the Director, A.E.R.E., Ministry of Supply, for facilities, 
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813. Anodic Processes. Part II.* Oscillographic Studies of 
Processes at the Mercury Anode in Hydrochloric Acid. 


By R. H. Cousens, D. J. G. Ives, and R. W. PITTMAN. 


An oscillographic method has been used to study electrode potential as a 
function of time, when constant currents are passed anodically across the 
mercury /0-1N-hydrochloric acid interface at 25°. Very characteristic and 
reproducible sequences of potential changes have been observed, marking the 
incidence of electrode processes which differ from those studied in the 
previous paper. Evidence is adduced from various experimental tests that 
radical changes occur in the state of the electrode as a result of polarisations 
of the kind in question. Provisional interpretation of these results is given, 
and support is found for the previously suggested covalently bound mono- 
layers of chlorine atoms upon the surface of mercury. 


Tuis Part of the series describes the results of non-equilibrium experiments in which 
constant and uninterrupted currents were passed across the mercury/0-1N-hydrochloric 
acid interface. The potential of the electrode (cf. Part I *) was measured by using a cathode- 
ray oscillograph with a calibrated time-base as a high-impedance, continuously recording 
voltmeter. A large number of potential-time curves were thus obtained which exhibited 
features so characteristic and reproducible as to show unmistakably that new and critical 
phenomena had become open to study. A selection of these curves, for increasing current 
densities, is shown in Figs. 1 and 2. It will be noted that only curve 452 gives a complete 
record of events up to passivation. Clearly, these curves describe a totally different 
sequence of phenomena, on different time and current scales, from these reported in Part I. 
Although the curves showed variations depending on conditions, all of them obtained 
at current densities exceeding the lower limit (330) had certain common features. A 
general review of these, based upon an idealised curve (Fig. 3), would appear to be apposite 
as a basis of further discussion, which, at the present stage, must be very largely factual. 
The idealised curve can be divided into four sections defined by abrupt changes of slope. 
The section from A, where the constant current is switched on, to B, where the potential 
has risen to the vicinity of the calomel potential (cf. Part I), may be said, as a first approxi- 
mation, to correspond with the charging of a double-layer capacity, as would be expected 
of a polarisable electrode. The section from C to D, which indicates that the electrode 
remains for a considerable time at a constant potential a few mv more positive than the 
calomel potential, would seem to be associated with the production of calomel in excess of 
the minimum amount required for the mercury pool to behave as a reversible calomel 
electrode. The intervening section, B—C, defines a period of transition, in which the 
behaviour of the mercury pool changes essentially from that of a polarisable to that of a 


* Part I, preceding paper. 


——EE 


[1953] Anodic Processes. Part II. 3981 


non-polarisable electrode. Within this section complex changes of slope may occur, the 
precise nature of which depends upon several factors, involving a well-marked potential 
peak. At D, a phenomenon analogous to a rapidly increasing resistance overpotential 
manifests itself and in a very short time the potential rises to a high value and the electrode 
becomes passive. 

These sections undoubtedly correspond with different states of the mercury pool and 
will therefore be described separately in greater detail. 

Section A—B : the Charging Curve.—It is generally accepted that mercury in solutions 
of indifferent electrolytes behaves as an almost ideally polarised electrode. This does not, 
however, appear to be the case for the mercury—hydrochloric acid system when subjected 
to positive polarisation. Evidence for this has been discussed in the previous paper and 
further support can be gained from a consideration of the double-layer capacities calculated 
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from the slopes of the charging curves in the vicinity of B : some of these are shown in the 
Table. 
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These apparent capacities show a dependence upon current density and asymptotically 
approach a value of about 1000 uF/cm.? with increasing current density. Although there 
seem to be no published data on the differential capacity of the mercury electrode for the 
potential range in which these values were obtained, it is known that this function increases 
rapidly as the electrode is made more positive and the value recorded, although high, is not 
impossible. 

The usual equivalent circuit for a non-ideal polarised electrode, namely, a condenser 
shunted by a resistance, seems applicable here. The leakage current through the resistance 
(which may not necessarily be ohmic) results mainly in the formation of mercuric chloride 
and complex mercurichloride anions in the manner described as mechanism I in the 
preceding paper. 

The behaviour of a system controlled by these conditions is likely to be complex. The 
instantaneous potential of the electrode during the passage of current will be mainly 
defined by the charge on the condenser, whilst the equilibrium potential, corresponding with 
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the anodic passage of any particular quantity of electricity, will depend upon the conditions 
finally established at the interface. These conditions depend upon the concentrations of 
soluble anodic products and, together with the diffusion-controlled rate at which they are 
attained, will be a function of the dimensions of the apparatus. 

Section B-C: the Transition Period—When the point B on the charging curve, 
corresponding to a potential close to, but some mv in excess of, the calomel potential, 
is reached, a discontinuity occurs. This may show itself as a fairly abrupt decrease of 
slope, ¢.g., curve 323 (Fig. 1), or as a maximum followed immediately by a minimum, 
curve 430 (Fig. 2): this singularity will, for ease of reference, be called “‘ the prepeak.” 
After this, the curve continues upwards with diminished slope until it attains a maximum 
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at a well-defined peak, and then descends. The descent is broken by a second dis- 
continuity at which the curve bends abruptly to a direction parallel, or nearly parallel, 
to the time axis. After this second discontinuity other phenomena may appear; a second 
broader maximum (“the hump’”’) curve 399 (Fig. 2) and a “‘ collapse ’’ to a lower, level 
“plateau” at a potential still significantly greater than the calomel potential. These 
further phenomena, however, are of a more variable nature and, as the conditions for 
their reproducibility have not been fully investigated, they will be left for future discussion. 

The appearance of fine structure in this part of the curve seems to depend on two major 
factors. The first is the absence of impurities, particularly of oxygen; the use of inade- 
quately deoxygenated solutions, or the deliberate introduction of oxygen into the gas 
used to sweep out the cell caused loss of structure to the peak and also a shrinkage of its 
dimension on the time scale. Thesecond is the absence of an annular film of solution between 
the mercury and the walls of the containing vessel. The first few anodisations carried out 
on a freshly set up experimental system in an intensively cleaned Pyrex apparatus gave 
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oscillographic curves with all the characteristic features fully developed, but these were soon 
lost, leaving a somewhat smaller peak of more rounded shape (as in Fig. 5, p. 3984), which 
remained, however, indicative of a radical change in the properties of the electrode (see 
below). This degradative effect did not occur when hydrophobic electrode vessels were 
used (see Experimental section): the initial behaviour was the same, and the anodisation 
curves preserved their reproducibility for a long period. For the results obtained under 
these conditions, reproducibility was not greatly inferior to that allowed by the accuracy of 
the oscillograph as a millivoltmeter (ca. +-1 mv). Data for prepeak, peak, and second 
discontinuity potentials are shown graphically in Figs. 4a, 6, and c, respectively: all 
relate to one experimental cell, the calomel potential for which was 379-5 mv. Although 
the scatter of the points is rather wide, they fall randomly about straight lines with slopes 
of approximately 3, 5, and 3 mv, respectively, over a more than thousand-fold range of 
current densities. The charge involved in passing ‘‘ over the peak ”’ from the prepeak to 
the second discontinuity was substantially constant, from a current density of 10 »a/cm.? 
to 1750 ua/cm.?, at 95 + 12uc/cm.?, decreasing from higher values at lower current densities. 
Emphasis is laid upon these results because they are sufficiently systematic to exclude any 
possibility that the effects in this transition region of the polarisation curves are adven- 
titious. It is necessary to make this point because potential peaks have been observed in 
the initial stages of the anodisations of other electrodes, namely, lead in sulphuric acid 
(Kabanov, Proc. 2nd Conf. Corrosion, Moscow, 1943) and silver in hydrochloric acid (Lal, 
Thirsk, and Wynne-Jones, Trans. Faraday Soc., 1951, 47, 70), but these appear to be struc- 
tureless and have been attributed, without investigation, to supersaturation effects. 

When the second discontinuity in an anodisation has been reached, the system can be 
said, for convenience, to have “‘ crossed the peak,”’ and there is no doubt that in doing so 
it has undergone a profound change. Unambiguous evidence can be adduced to show this. 

(1) Micropolarisation tests show that an electrode which has not crossed the peak 
(although it may have been subjected to prolonged anodisation at low current densities ; cf. 
Part I) is very far from being reversible. A test on such an electrode is shown in Fig. 5a; 
the hysteresis is considerable and the test has altered the rest (zero current) potential of the 
electrode appreciably. When the peak has been crossed (Fig. 5 is an oscillographic 
record of this; 700 uc at a current density of 60 »A/cm.?), the electrode has become much 
more reversible (5c); the hysteresis has disappeared, the slope has increased, and the test 
does not alter the rest potential, which is identical with the calomel potential. If left 
untouched, the electrode remains in this reversible state for a time, the length of which 
depends upon the quantity of electricity passed in the anodisation, and upon the previous 
history of the cell. When the solution is charged with anodic products (so that the initial 
rest potential is at, or even above, the calomel potential) there is long persistence (5d) 
and the electrode remains reversible (5¢ shows a peakless anodisation supporting this). 
If, on the other hand, the cell is fresh (with a low initial rest potential) the reversible state 
arising from the passage of say 1000 uc/cm.* will decay in a time of the order of 12 minutes, 
this decay being accompanied by a potential fall which ultimately ceases at a potential 
approximating to the original rest potential of the electrode. The reversible state can also 
rapidly be abolished by cathodisation, but it is noteworthy that no matter how large the 
quantity of electricity passed cathodically, within the limits of these experiments, the 
potential of the electrode cannot be depressed permanently below its original rest potential. 
Obviously, at least two potential-determining substances are produced in these anodisations, 
one of which can be reduced cathodically and the other not. The outstanding result in 
this section may perhaps be restated in an alternative way. It is possible to pass, say, 
1000 uc/cm.?, anodically across an irreversible electrode with a rest potential equal to that 
of the calomel electrode without making any significant alteration in its properties, provided 
that the current density is such that no peak is crossed (ca. 1 wa/cm.?). On the other hand, 
100 uc/cm.?, passed at a current density which involves peak crossing (5 »A/cm.?), will 
transform the electrode into a reversible one operating at the same potential as before. 

(2) The evidence collected under this head is concerned with factors causing modific- 
ations of the behaviour of the system as indicated by the shape of the oscillographic polaris- 
ation curves in the transition region B—C. It may first be stated (as already indicated) 


3984 Cousens, Ives, and Pittman : 


that there is a limiting current density below which the peak does not appear (cf. Fig. 1). 
This limit is not fixed, but shows dependence upon the previous history of the cell, being 
lower for aged cells than for fresh ones. 

If an anodisation, at a current density above this limit, be carried out on a mercury 
pool soon after a previous anodisation at the same current density, the peak and its associated 
fine structure are completely suppressed. Suppression of the peak remains for as long as 
the pool stays at the calomel potential but the peak reappears as the potential decays to the 
(lower) rest potential. This suppression of the peak thus appears to be another criterion 
of reversibility and, as such, runs parallel with the one previously quoted. The state 
arising from an anodisation which causes the system to “ cross the peak ”’ does not, however, 
correspond with ideal reversibility, for, if a second anodisation (370) be performed at a 
current density ten times greater than the first (869), a very ‘“‘ debased’”’ peak appears 
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(Fig. 6) and almost immediately after this the curve rises steadily as if to indicate an approach 
to the passive state. 

Reference might be made to a point already stressed in Part I, though with respect to 
experiments of a different kind, namely, that the quantity of electricity passed in any one 
of these anodisations should be sufficient completely to saturate with calomel the whole of 
the solution in the cell. Thus the decay of reversibility of the electrodes seems not to be due 
to physical dissolution of calomel at the interface, followed by diffusion into the bulk of the 
solution, but to some other non-electrochemical process : there can be little doubt that this 
is a disproportionation reaction. 

(3) A more complete examination of the decay process was accomplished by making 
periodic measurements of the potential of the mercury pool, starting immediately on stopping 
anodisation. Two kinds of experiment were performed. In one of these, fixed quantities 
of electricity were passed at various current densities and in the other various quantities 
of electricity were passed at fixed current densities : no operations were conducted upon the 
cell between these anodisations except the potentiometric measurement of decay. 

The decay curves arising from the passage of 200 uc/cm.? at different current densities 
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are shown in Fig. 7a. The curve for the lowest current density (0-8 ua/cm.*) is quite 
smooth and no peak appeared in the potential-time curve of the anodisation. Ata current 
density of 2 ua/cm.? an inflection is observable in the decay curve, with a point of minimum 
slope at the calomel potential, and the polarisation curve showed a peak. With higher 
current densities the inflections became more pronounced and tended to become almost 
complete arrests at the calomel potential. In this set of experiments, and in others not 
here recorded, the appearance of an inflection or arrest in the decay curve coincided with the 
appearance of a peak in the polarisation curve for the correponding anodisation. Conversely, 
if no peak was shown in the anodisation curve, there was no arrest in the decay curve. 

The resemblance between these decay curves and cooling curves for a system undergoing 
a phase transition is striking, and they seem to offer definite evidence that the process of 
“crossing the peak ’’ results in the formation of a new potential-determining phase, which 
must almost undoubtedly be solid calomel. 

This suggestion is supported by the results of the other experiments, in which increasing 
charges were passed anodically at a fixed current density of 20 ua/cm.*. The anodisations 
involving the smaller charges gave rise to decay curves which showed inflections, but no 
definite arrests, at potentials below the calomel potential. With increasing quantity of 


Fic. 7a. 
t208 | t=2:0 123-0 1240 i=6-0 i210 
LA/cm! palm? palcm? pAa/em? palem® = afem? 
3 : ‘ 
80 |- ° ° ° . 
Calomel _, bon 
potential |o % 
2 ° ™ fo) ° ® 
S ° ° ° ° ” %& 
x ° ° ° ° 
= ° fo) ° ° 
S ° ro) y % ° Ga 
370} ‘ . % AS 
% ea. ae Peoe 
364. , 2°92 a : EON TN 


0 40 0 

eo ae 2 @ eaere 

Minutes 

electricity passed in the anodisation, the potential at which the inflection appeared in the 
subsequent decay curve rose towards the calomel potential. As soon as it attained this 
value, the inflection became a definite arrest, the length of which increased according to the 
quantity of electricity passed in the preceding anodisation. Fig. 7b shows the potential of 
the decay inflection or arrest plotted against the charge passed in the previous anodisation, 
with an oscillographic record of a separate anodic polarisation, at the same current density, 
superimposed on the same abscisse. From this it can be seen that the first inflection, for 
the lowest charge, seems to appear coincidentally with the prepeak. It is also clear that the 
second discontinuity in the oscillogram can be associated with the appearance of the new 
phase already mentioned. 

The smooth transition between inflections below the calomel potential and definite 
arrests at the calomel potential has special significance. It would seem to reflect the first 
appearance and early growth of ‘‘ calomel substance ” in amounts too minute to qualify 
as a separate phase, capable of robbing the system of a degree of freedom. Since potential 
is undoubtedly associated with intensive properties, it seems necessary to postulate a 
“* dilute calomel,” or a precursor to calomel. This cannot be a freely soluble substance, for, 
if it were, the potential decay consequent upon its loss from the interface by diffusion would 
be smooth and could show no inflection. It is thought that the requirement for such a 
substance may be met by chloromercury, an entity suggested by Hills and Ives (J., 1951, 
311) as participating in the functioning of the calomel electrode. 

A tentative explanation of the mechanisms of the processes giving rise to the anodis- 
ation peak and its associated phenomena may be advanced at this stage. 
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The first discontinuity, or prepeak, marks the onset of a change of electrode process from 
that described in the previous paper (mechanism I) to the direct discharge of chloride ions 
to form chloromercury anchored to the mercury surface (mechanism II). This suggestion 
implies that no chloride ions were discharged before this discontinuity was traversed (observ- 
ations recorded in Part I lend support to this) and that there is therefore, at the prepeak, a 
collapse of the electrical double layer exactly analogous to the breakdown of the dielectric of 
a condenser. Such a breakdown would be, it is suggested, defined solely by the proper- 
ties of mercury and closely adsorbed (but not discharged) chloride ions, and this seems 
to be consistent with the reproducibility of the prepeak and the almost negligible dependence 
of its potential upon current density. The implication is also conveyed that the apparent 
differential capacities listed in the Table are real, and since the prepeak interrupts a rapid, 
almost linear potential rise, there is no sign that the double layer “ condenser ”’ is (apart 
from the breakdown) approaching the limit of the charge it can hold. 

The peak which follows can be considered as arising from a summation of the effects of 
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failure of the electrode as a condenser on the one hand and the gradual building up of a 
potential-determining chloromercury film on the other. This film will tend (supersaturation 
being excluded) to reach a limiting two-dimensional concentration which would be fixed by 
equilibrium with solid calomel, presumably attained at the second discontinuity. It may 
well be that the ‘‘ hump ” and associated phenomena could arise from supersaturation, but 
further speculation, in absence of decisive experimental evidence, would be only confusing 
at this point. 

It is easy to envisage that the chloromercury entities, even although they do not 
possess the kinetic freedom of solute molecules, will have a tendency to “ evaporate ” 
from the mercury surface into the solution (in what form is not, at the moment, relevant), 
the ‘‘ vapour pressure ”’ governing this evaporation being a function of their two-dimensional 
concentration. If this concentration is also potential-determining, then the constant 
concentration arising from equilibrium with solid calomel should cause an arrest in the decay 
curve at the calomel potential for as long as calomel is present. If, however, insufficient 
chloromercury to produce an ordered calomel phase is formed in an anodisation, then a 
state of constant concentration will not be reached and as “ evaporation” then depletes 
the population, no arrest, but only an inflection below the calomel potential, will be observed. 
Section C—D : the Period of Non-polarisability.—This section of the curve indicates that, 
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to a first approximation, the potential of the mercury electrode remains constant and 
independent of the charge passed for a long period. This is the behaviour of a reversible 
electrode and it is tempting to conclude that the mercury pool in this condition is acting 
asacalomelelectrode. Although this may be so for current densities below about 5 pa/cm.?, 
for all higher current densities the potential lies significantly above the calomel potential ; 
there is an “‘ overpotential”’ which, however, increases only by 7 mv for each ten-fold 
increase in current density. This slight dependence on current density seems to exclude 
concentration polarisation as the reason. It is found, furthermore, that when the current 
flow is stopped in the early part of this section the decay of the overpotential is relatively 
slow and consonant with the dissipation of a concentration gradient ; but in the later part, 
where passivation is approached and concentration inequalities should be greater, the 
potential falls almost immediately to the calomel potential. 

Other observations, bearing on the efficiency of the electrode in this state as a calomel 
electrode, result from successive constant current anodisations such as are illustrated in 
Fig. 8. The uppermost of the polarisation curves shown is the initial anodisation with a 
peak. The next shows the effect of breaking and restoring the current in rapid succession. 
The three remaining curves show anodisations performed after the first with increasing 
periods of rest in between. It is seen that, in the first of these (middle curve), the curve is 
peakless and the overpotential is reduced: in the second there is still no peak but the 
overpotential has risen to its original value. In the third (lowest curve), for which the 
resting period had been long enough for the rest potential to fall below the calomel potential, 
the peak has reappeared. This behaviour is strongly reminiscent of that discussed for the 
“equilibrium experiments ” in Part I, and would seem to have the same origin. It thus 
appears that the potential of the mercury pool as indicated by this part of the curve arises 
from a composite mechanism. This is of interest in relation to the approach to passivation, 
and is discussed in the following paper. 


EXPERIMENTAL 


The apparatus, materials, and general methods were those used in the previous paper, 
except in two respects. 

Oscillographic Equipment.—A Nagard type 103 oscillograph, fitted with a 6” tube with an 
afterglow screen and an illuminated graticule for calibration, was used. This instrument was 
provided with a linear D.C. amplifier (of the modulated carrier-wave type) with a gain variable 
between 500 and 10® and an input impedance of 1-1 megohms. Since, with the desired sensi- 
tivity of 10 mv to 1 inch deflection on the Y axis, the instrument had an effective range of only 
50 mv, the major part of the E.M.F. it was desired to measure was opposed by a Tinsley 
potentiometer : this had the advantage of very greatly increasing the effective input impedance. 
The oscillograph trace was photographed on Kodak R55 recording film, with a camera with an 
f1-9 bloomed lens. These photographs were subsequently projected by means of a standard 
photographic enlarger and traced on paper by hand. A second D.C. amplifier was available for 
the X axis and was used in conjunction with a motor-driven potentiometer to provide a time- 
base for the slower sweeps. Time marking was performed by means of 50 c/s mains frequency, 
or by one of two clocks giving either half-second or 1—20 seconds impulses as desired according 
to the sweep time. These time signals were recorded separately and superimposed on the 
potential-time records when the *‘ enlargement ’’ was carried out. 

Silicone Treatment.—In experiments requiring the use of hydrophobic vessels, the mercury- 
electrode compartment only was treated with Silicone by the method described by Hills and 
Ives (loc. cit.). Very great care was taken, by prolonged extraction with “‘ live’’ carbon 
tetrachloride vapour, and subsequent steaming, to ensure that no excess, unbonded silicone 
fluid was left in the vessel. 


One of us (R. W. P.) records thanks to The Chemical Society for a grant for the purchase of 
certain electronic equipment. 
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814. Anodic Processes. Part III.* The Passivation of Mercury 
in Hydrochloric Acid. 


By R. H. Cousens, D. J. G. Ives, and R. W. Pittman. 


The continued ‘polarisation of the mercury anode in 0-1N-hydrochloric 
acid leads to passivation. A quantitative relation has been established 
between the time required to effect passivation and the current density for an 
electrode in 0-1N-hydrochloric acid at 25°. The course of passivation has 
also been followed oscillographically and some comments are made upon the 
state of an electrode approaching passivation and in the passive state. 


THE anodic passivation of mercury in aqueous hydrochloric acid was observed by Paschen 
in 1890 (Wied. Ann., 1890, 39, 61), but, somewhat surprisingly, has been given no 
systematic study. Yet, in relation to passivation and indeed to other electrode 
phenomena, mercury may well be of more theoretical interest than any other metal, since 
it can be more readily brought to a standard state, has a homogeneous surface, and shows 
passivation as striking and sudden in onset as almost any other. This supposition is 
confirmed in a recent paper by Thirsk (Proc. Phys. Soc., 1953, 66, B, 129), who has shown 
that the passivating film of calomel consists of crystals with a unique orientation with 
respect to the metal surface. This orientation is such that the {110} planes alone lie 
parallel to the surface: these contain Cl-Hg-Hg-Cl entities (CI-Hg, 252A; Hg-Hg, 
253A; CI-Cl, 3:33 A), forming an approximately hexagonal array of “ mercury and 
chlorine ion pairs.” 

The films examined by Thirsk were, on the assumption of 100% current efficiency in 
the anodic production of calomel, some 60—200 A thick. It has been found in the present 
work that a quite invisible film only 22 A thick will effect passivation, which occurs more 
readily the higher the purity and deoxygenation of the system. 

Such perfectly orientated crystalline films must have grown in an orderly manner from 
more elementary structures, the formation of which was discussed in the previous paper. 
The present intention is to present such systematic results on passivation as have been 
obtained in this preliminary work, in order to complete the survey of the sequence of anodic 
phenomena: it would be altogether premature to attempt any extensive theoretical 
treatment. 

The “ passivation time ” may be defined as the time between switching on of a constant 
current and the incidence of passivation. It has been found to be systematically related 
to current density in the manner shown in Fig. 1; the logarithmic plot is seen to be linear 
and has, under the experimental conditions (25°; 0-1N-HCl), a slope consistent with a 
law i/°75 = a constant. All the results included in this plot, covering passivation times 
from 0-5 sec. to 40 min. and current densities from 2400 to 5 ua/cm.*, were obtained from 
experiments conducted in hydrophobic vessels. Similar data, showing a wider scatter 
about the same straight line, were provided by experiments made in normal vessels (t.¢., 
not treated with Silicone; see previous paper) for passivation times up to 90 min. No 
definite lower limit has been determined for the current density that will effect passivation. 

Two oscillographic records of passivations are shown in Fig. 2. The peak, discussed in 
the previous paper, is discernible at the beginning of a long trace of sensibly constant 
potential, which rises somewhat before the catastrophic increase which marks the onset of 
passivation. This sudden increase of potential is interrupted by a rapidly traversed 
arrest, indicated on the oscillogram by a “ kink “‘ at about 0-8 v. The potential at which 
this occurs, and the potential of the electrode in the passivated state, have not been 
systematically studied, and all that can be said about them at present is that they do not 
seem to be strongly dependent upon current density. 

The long section of uniform potential already discussed requires some further comment 
from the aspect of this paper. There can be no doubt that calomel generation starts at 


* Part II, preceding paper. 
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the beginning of this section and it clearly proceeds by a mechanism which has no effect 
on the current-carrying powers of the electrode for a comparatively long time. This 
precludes a layer-by-layer deposition of calomel over the whole electrode surface. The 
only alternative is the growth of calomel islands. It does not seem likely, however, that 
the calomel islands grow to a height exceeding 20 A, approximately the thickness of the 
minimal passivating film. Lateral growth must therefore occur, and must progressively 
decrease the effective working area of the electrode. Since the current is maintained at a 
constant value, the current density at the surface not covered by the islands must increase, 
yet there is no increase in the working electrode potential until this process approaches its 
final stages. This is clearly related to the observations that the potential is almost 
independent of apparent current density over a very wide range and exceeds the reversible 
calomel potential by only a small margin which does not appear to correspond with any 
known kind of overpotential. 

There can be no doubt that in this region of the polarisation curve the electrode reaction 
is still composite. The slow decay of overpotential and the secondary reaction occurring 
on resting suggest that mercuric entities are still being generated, and it is these which, 
from their potential-determining effect, are thought to be largely responsible for the 
“ overpotential,” at least in the earlier sections of the level region. It must be noted, 
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however, that the overpotential decay becomes faster as this section is traversed and it is 
probable that a continuous improvement in electrode reversibility and decrease of 
‘““ chemical overpotential ” is being masked by a rising concentration overpotential as the 
calomel islands close together and the effective current density increases. The signs of 
such an effect are always apparent before the occurrence of passivation and, indeed, some 
of the polarisation curves at low current densities show flat minima which could be well 
explained by the supervention of one kind of overpotential by another. 

It is clear that the whole of this region of level polarisation potential requires to be 
investigated in detail, but, although this has not yet been done, it is felt that there is 
compelling reason for the postulation of a two-fold electrode process. Thus, if the whole 
of the current were devoted to the production of calomel, it might be understandable that 
a very low current could generate a passivating film without undue congestion of the 
electrode surface (‘‘ congestion ’’ necessarily being reflected in electrode potential) in the 
earlier stages. But it is incredible that a current some powers of ten greater should cause 
very little more congestion : it is true that passivation occurs earlier (in terms of coulombs 
passed) with the heavier current, but, before the actual passivation, the potential is only a 
very little greater. This fact seems to require an electrode reaction scheme of a kind able 
to maintain a steady state at the electrode surface, corresponding with the steady potential. 
Such a scheme, involving the concurrent generation of mercuric chloride, may be 
tentatively suggested. 

After traverse of the initial peak, the primary electrode reaction is thought to be the 
discharge of chloride ions (mechanism II; cf. preceding paper), giving first the disordered 
chloromercury film which “ condenses’”’ to form calomel. When established, however, 
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this film can initiate another anodic reaction; the charging of chloromercuric ions, HgCl*, 
which, when disengaged, will instantly become mercuric chloride molecules (or their 
anionic derivatives) which will diffuse away and subsequently take part, as opportunity 
allows, in secondary, non-electrochemical, generation of calomel at the electrode surface. 
The joint operation of these two reactions, one tending to maintain and the other to deplete 
the population of the chloromercury film, might maintain a status quo at the mercury 
surface for each current density. Thus, since the rate of increase of population is 
proportional to the difference, whereas the current density is proportional to the sum, of 
the rates of these reactions, there could arise a steady state with a total population of 
chloromercury on the whole electrode surface directly proportional to the total current. 
This, at present, is felt to be over-simplified for any further theoretical development. 

It will be noted that this argument proposes another mechanism (III) for the anodic 
formation of mercuric chloride, differing from mechanism I, previously invoked; it is 
suggested that it can occur only secondarily to chloride-ion discharge and may be easier 
because it involves only single-electron transfer steps. 

Few observations have been made on the electrode in the passive state, but it is certain 
that an extremely small current continues to flow and is, indeed, required to maintain the 
passivity. There is no sign of any change in the anodic products in this state, for no solid 
substance other than calomel has been detected in the passivating films (Thirsk, personal 
communication). Switching off the polarising current causes an instant fall of potential, 
but not directly to the calomel potential, which is reached asymptotically after a short 
delay (Fig. 2). This may be due either to ‘‘ chemical overpotential ”’ arising from continued 
generation of mercuric chloride in the passive state, or to concentration polarisation of a 
special kind. Restoration of the current causes rapid, but not instantaneous, reinstate- 
ment of the high potential characteristic of passivity. At present the scanty evidence 
available suggests that this high potential is either an extreme concentration overpotential 
arising in minute pores and fissures in the film, or an ohmic potential difference due to the 
traverse of the film itself by ions. It is not known whether the structure of the film is 
sufficiently open to allow this to occur through the interionic interstices, or whether it 
might occur by a Grotthus mechanism. 

A single experiment has been conducted which may be significant in relation to this 
problem. An electrode already passivated was subjected to closely controlled polarisation 
and it was found that there was a tendency for it to adopt alternative states with an un- 
stable transition region in between. Thus, on reducing the polarising current just below 
the limit to maintain full passivity, it was found that 0-58 .a/cm.? would maintain the 
potential at a steady value of 1:33 v. Further reduction of the current allowed de- 
passivation to occur, with a fall of potential to about 0-40 v. Cautious increase of the 
current again to the same value as before, 0-58 »A/cm.?, then maintained the electrode at a 
steady potential of 0-47 v. Two steady states involving the same current density but with 
a wide difference of potential in between were therefore realised, and were evidently 
characterised by different rate-limiting factors. This observation may not be unconnected 
with the “ kink ”’ previously noted in the steeply rising oscillographic record of passivation. 
Such singularities as a general rule mark a change of electrode process or state. It is 
tempting to think that this might be the change over from a “ film fissure’ to a “ film 
permeation ”’ mode of ion transfer between mercury and solution. 

In conclusion, it is stressed, that many of the conjectures made in this preliminary 
survey may require subsequent revision, and are advanced for the main purpose of lending 
some coherence to the numerous new phenomena reported. 

The experimental methods used in this work were identical with those described in the 
previous paper. 

One of us (R. H. C.) thanks the D.S.I.R. for a maintenance grant, during the tenure of which 
this work was carried out. 
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815. The Reactions of Organic Derivatives of Elements Capable of 
Valency-shell Expansion. Part I. Preliminary Considerations. 
By EvGENE ROTHSTEIN. 


As a result of experiments with unsaturated compounds containing 
sulphur and phosphorus (Rothstein, /., 1937, 309; this series, Part II) it 
appears that the electron-attracting properties of certain of the derivatives 
of these elements are greater than those of quaternary ammonium salts. 
This is in some respects contrary to previous assumptions and necessitates 
reconsideration of some of the explanations hitherto accepted. Kimball 
(J. Chem. Phys., 1940, 8, 188) calculated from group theory the possible 
configurations of atoms in different combined states and a review of his 
results taken in conjunction with the known chemical properties of com- 
pounds of various elements has made it possible to estimate the probability 
with which structures with x-bonds will result either from the attraction of 
electrons from an external atom into vacant d orbitals (valency-shell 
expansion) or from the sharing of non-bonding s or p electrons with a group 
capable of accepting them. The result of applying these considerations to 
reactions, including nitrations, of derivatives of elements in groups V and VI 
of the Periodic Table,agrees with the view that phosphonium, arsonium, etc., 
salts, and also sulphones, are able to utilise their d orbitals, but this is true 
neither for sulphoxides nor for sulphonium salts. 


INCREASING recognition is being given to the hypothesis that the expansion of the valency 
shell of elements such as phosphorus and sulphur in particular, but also of others in 
groups V and VI, influences the reactions of their organic derivatives. The evidence for 
the utilisation of orbitals of higher energy is largely indirect; ad hoc assumptions are made 
of unperturbed structures with expanded valency shells, the wave-functions of which 
contribute to the resonance of the molecule either in its ground state or in a transition 
state when as part of a complex it undergoes chemical reaction (Rothstein, J., 1937, 309). 
In this communication these conceptions are applied to certain well-known reactions and 
they will later (Part V) be shown to accord with absorptions in the near ultra-violet. Other 
papers of the series describe related experimental work. 

Numerous investigators have discussed this question and a series of papers by 
Fehnel and Carmack on the ultra-violet absorption spectra of organic sulphur compounds 
(J. Amer. Chem. Soc., 1949, 71, 84, 231, 2889; 1950, 72, 1292) includes a summary of 
much of the past work. Comparison of the ultra-violet absorptions of many saturated 
sulphur compounds, both aliphatic and aromatic, tends to confirm the validity of the 
hypothesis of valency-shell expansion. The theoretical aspects of the conjugation to be 
expected in unsaturated sulphones have been discussed by Moffit and Koch (Trans. 
Faraday Soc., 1951, 47, 7); more recently Gillespie (J., 1952, 1002) has calculated the 
promotional energies associated with the utilisation of the 3d orbitals of (among other 
elements) sulphur and phosphorus, concluding that it will not normally occur in the case of 
sulphur unless the latter is attached to an electronegative atom such as halogen or oxygen. 
This diminishes the energy required to uncouple and promote the 3s electrons to the 
3d state, or alternatively facilitates the formation of x-bonds by co-ordinating the 
p electrons of an external atom attached to sulphur. A single oxygen atom is clearly 
insufficient to accomplish this and the optical properties of the sulphoxides as well as of 
sulphonium salts demonstrate the difficulty of exciting the non-bonding 3s electrons to an 
orbital with a higher energy, a difficulty which decreases with increasing size of the atom. 
The sharing of the non-bonding s orbitals leads to a planar molecule and is not confirmed by 
experimental data. P 

The decrease in energy required to raise the s electrons to the d level in passing from 
sulphur to selenium and tellurium is seen in that, though selenonium and telluronium 
salts have been resolved (Pope and Neville, J., 1902, 81, 1552; Lowry and Gilbert, /., 
1929, 2867), selenoxides have not (cf. Gaythwaite, Kenyon, and Phillips, J., 1928, 2281; 
Lowry and Gilbert reported that they were attempting to resolve benzylphenyltelluroxide 
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but the absence of a further communication on the subject probably indicates they were not 
successful). This is not unexpected since even the telluronium salts are rapidly racemised 
in solution. The non-availability of the d orbitals in pyramidal sulphur (cf. also Kimball, 
J. Chem. Phys., 1940, 18, 188) explains the resistance of these substances to oxidation and 
the virtual absence of neutral quadricovalent sulphur with a decet of electrons. Attention 
to this point was drawn by Ingold, Jessop, Kuriyan, and Mandour (J., 1933, 533) in 
accounting for the complete absence of paraffinic decomposition of sulphonium salts. 
These authors, it should be added, also attributed the difference from sulphones to the 
absence of electrical dipoles such as are present in the sulphonyl group. Thus these 
dipoles facilitate the oxidation of sulphoxides to sulphones but sulphonium compounds 
remain in the tervalent state. 

Attention is now drawn to the difference which exists in the origin of the polar 
properties of ammonium and sulphonium salts on the one hand, and sulphones, 
phosphonium, and arsonium, etc., salts on the other. Few data are available about 
sulphoxides. Anticipating the arguments developed below, it appears that the reactions 
of the first class of compound depend on the presence of an integral positive pole operating 
through an inductive mechanism, whilst in the other category the polar inductive effect is 
relatively small and the important electron-attracting mechanism is tautomeric, depending 
on the utilisation of available d orbitals. The dipole-moment measurements by Phillips, 
Hunter, and Sutton (J., 1945, 146) make it questionable whether in fact there is an integral 
positive charge on sexivalent sulphur and quinquevalent phosphorus. Their conclusions 
were supported by Barnard, Fabian, and Koch (J., 1949, 2242) who related the sulphur— 
oxygen bond-stretching frequencies to the hydrogen-bonding properties of sulphoxides and 
sulphones; this was greater in the sulphoxides and it was inferred that the linkages in 
the sulphones were mainly covalent. If the foregoing is accepted it is evident that the 
reactions of compounds containing the elements in question cannot be attributed solely to 
the effect of charged atoms, whether the charge is due to a dipole (semi-polar double bonds) 
or to an “onium ’”’ pole. It follows that the view that the diminution of the polar effects 
of elements in the second row of the Periodic Table in certain reactions is due to the 
additional electron shell round the central neucleus (Fenton and Ingold, J., 1930, 705; 
Ingold, Shaw, and Wilson, /J., 1928, 1280; Ingold, Ingold, and Shaw, /., 1927, 2780; 
Baker and Moffit, J., 1930, 1722) now needs modification. Particularly is this the case 
since subsequent investigation has shown that the electron-attracting powers of the 
sulphone group are clearly greater than that of quaternary ammonium salts (Rothstein, 
loc. cit.). There is also reason to believe that propenylene-l : 3-bis(quaternary 
phosphonium) salts are more mobile than the corresponding ammonium derivatives 
(Rothstein and Saville, Part II, following paper) though it has not yet been possible to 
isolate the individual isomerides. Rothstein (loc. cit.) concluded that this difference was 
due to the expansion of the valency shell of sulphur, and clearly this is a possibility which 
includes all the elements in the lower part of the Periodic Table, whilst the effect of the 
increasing number of electronic shells may be a less important factor. 

Although it was many years before the publication of the results of Phillip, Hunter, and 
Sutton, the sulphonyl group was tentatively included by Ingold (Rec. Trav. chim., 1929, 
48, 797) amongst those groups which exercised a combined —/ and T effect in nucleophilic 
substitutions of benzene, although only the —I effect operated in electrophilic reactions. 

The main modification suggested now is that —M effects (see inset) are 
S0sR more important in electrophilic substitution than has hitherto been 

recognised, and its acceptance facilitates the explanation of the differences 
encountered in the decomposition of ammonium, phosphonium, and sulphonium salts and of 
sulphones, as well as in the nitration of their aromatic derivatives. It has already been 
implied above that sulphonium resemble ammonium salts in their inability to expand their 
valency shells and they therefore cannot undergo paraffinic decomposition of the type 
encountered in sulphones (Ingold and Jessop, J., 1930, 710). Since electromeric effects 
cannot operate through a saturated carbon chain the latter cannot directly influence the 
separation of a proton in the §-position. The inertness of bisalkylsulphonylpropanes 
compared with the unsaturated derivatives emphasises this. Consequently, if the sulphur- 
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oxygen dipole is largely non-existent, the resistance to olefinic decomposition found by 
Fenton and Ingold (/., 1930, 750) is readily explicable. However, if constitutive factors are 
favourable for the incipient ionisation of the 8-hydrogen atom, the acceptance of an electron 
pair into the d orbital of the sulphur atom may be expected to stabilise the transition state 
leading to the formation of an olefin. These considerations apply even more markedly to 
phosphonium salts, which in nearly every case undergo paraffinic decomposition only (Fenton 
and Ingold, J., 1929, 2338) (R,P* OX- —» R,P-OX —» R,PO + RX) unless a 6- 
substituent is present which can release the proton by absorbing the anionic charge (Hey 
and Ingold, J., 1933, 521) : 
H 


to RS | 
CA8y Son—cn,-PR,X —> € S-cu=cn, 4. 1PR, + X- + Ht 


It is difficult to reconcile the absence of a positive charge on the phosphorus atom, such as 
appears to be the case in this reaction, with the production of 100% meta-nitration in 
trialkylphenylphosphonium salts. The quinquecovalency exhibited by phosphorus in 
the above decompositions implies the lack of appreciable inductive effect, and the recent 
isolation of pentaphenylphosphorus, which appears to be a purely covalent compound 
(Wittig and Rieber, Annalen, 1949, 562, 187), suggests that the application of the octet rule 
to phosphorus is hardly justifiable. Quinquecovalent phosphorus, which is in the D,, 
symmetry group, would have a dsf* configuration for the o-bonds (Kimball, Joc. cit.) and 
can attract electrons from an external atom to form two strong x-bonds. It is this aspect 
which is considered in the following paragraphs. 

It has been useful in the past to compare the results of nitration of benzene derivatives 
containing certain groups and elements with that of the benzyl analogues because electro- 
meric effects cannot operate in the latter class of compounds. When this work was carried 
out, the effectiveness of, particularly, ‘‘ sexivalent’’ sulphur and of “ quinquevalent ”’ 
phosphorus as electron-attracting groups was unknown. Consequently it was possible, as 
previously mentioned, to regard the virtual absence of meta-nitration in the case of the 
benzyl derivatives containing these and other elements as due to the greater screening 
effect of intermediate electronic shells, as well as to the presence of the intervening 
methylene group. The comparative figures for meta-nitration could therefore be used to 
judge the relative polar effectiveness of the substituent groups in question. The relevant 
nitration results may be divided into two classes, A where deactivation is due mainly to 
the presence of a positive pole, and B where it results from the formation of x-bonds owing 


TABLE A. 
x NO, ! NMe,? SMe, * SO,Me ® 
PhX, meta-substitution (9%) 000.0 ccssscceeseseseses 93 100 100 99 
Ph-CH,X, meta-substitution (%) ...... 2.2.00 cee cee eee 48-5 88 524 30 


1 Baker and Ingold, J., 1926, 2462. 2 Vorlander and Siebert, Ber., 1919, 52, 294; Goss, Hanhart, 
and Ingold, J., 1927, 250. *% Baker and Moffitt, /., 1930, 1722. 4 Diethylsulphonium, 28% meta; 
Pollard and Robinson, J., 1930, 1765. ® Baldwin and Robinson, J., 1932, 1445. 


TABLE B. 
¥ SeMe,? PMe,;& PO* AsMe;®& AsO* SbMe,* Sb(OH),® Bi(NO;), * 
PhyY, meta-substitu- 
pa ky At peer eee 100 1007 100 98-2 86 -— 86-9 ® 
Ph-CH,Y, meta-sub- 
stitution (%) ...... 16 10 08 3-4 08 ~~ 0 on 


6 Ingold, Shaw, and Wilson, J., 1928, 1280. 7? Challenger and Wilkinson, J., 1924, 125, 2675. 
8 Challenger and Peters, J., 1929, 2613. *® Challenger and Rothstein, J., 1934, 1258. 

* Triphenyl and tribenzyl derivatives. 
to the electrons of the nucleus being co-ordinated into vacant d orbitals. These effects are 
not mutually exclusive and the sulphonyl group might perhaps appear in either Table. 
Table B is less complete than Table A but it is clear that whilst, in A, meta-nitration 
preponderates both in the phenyl and in the benzyl series, the second row in Table B 
represents ortho-para-activation. As regards the groups X, these are all groups with 
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positive integral poles (except the sulphone group), their mode of action in the phenyl 
series is quite clear, and the —J effect also operates in the benzyl compounds. The high 
percentage of meta-nitration in PhY on the other hand can only be due to a combination 
of “ residual’ —I and —M effects, the term “ residual” referring to the suggestion that 
the main electron-attracting mechanism in any but the elements in the first row of the 
Periodic Table is the electromeric effect, although independent experiments for estimating 
the polar effect of selenium, arsenic, antimony, and tin have not yet been carried out. 
Now although the —E effect cannot operate in the benzyl series it can stabilise the trans- 
ition state because the approach of an electrophilic reagent leads to structures similar to 
those proposed for bisulphonylpropenes (Rothstein, Joc. cit.) except that in place of the 
electron-attracting sulphony] group there is the electron-attracting nitro-group : 


1 tag H* 


R'SO, “CH= CH“CH==SO,R’ R-SO,CHY-CH=<CH™SO,R’ 
H+ Ht 
NO,--¥Z “c= so,R NO, > YH-so,R 


H HY’ = 
The structures are obviously applicable to all compounds containing elements capable of 
forming x-bonds, including nitrogen in the nitro-group and, in general, therefore excluding 
ammonium and sulphonium derivatives. This form of hyperconjugation resembles in 
many respects that advanced by Remick (‘‘ Electronic Interpretations of Organic 
Chemistry,” Chapman and Hall, London, 2nd Edn., p. 362) to account for increase in 
meta-nitration as the side-chain halogenation of toluene increases (~-CH,Cl 12%; —CHCl, 
34%; —CCl, 645%). The consequence of the successive replacement of 
Hl _AX~ hydrogen is to increase the —I effect and decrease hyperconjugation. The 
Ph—C——N=O diminished meta-nitration of nitrotoluene, compared with benzylammonium 
salts, can likewise be ascribed to these opposing effects (see inset). 

In general all the figures given in Tables A and B are probably the result of opposing 
factors but there are no quantitative data available for the relative activation or deactiv- 
ation of the various positions in the nucleus. Thus the fact that trimethylphenylstibonium 
salts are more easily nitrated than the corresponding arsenic and phosphorus derivatives 
(Ingold, Shaw, and Wilson, loc. cit.) could be due to either decreasing —I effect or enhanced 
tendency to x-bond formation. 

In Part V of this series absorptions in the near ultra-violet region are shown to be in 
conformity with the views expressed above. The different mode of electron attraction 
by (a) ammonium and sulphonium and (b) phosphonium and other polar sulphur 
derivatives appears to have its counterpart in differences in light absorption. 
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816. The Reactions of Organic Derivatives of Elements Capable of 
Valency-shell Expansion. Part II.* Unsaturated Quaternary Phos- 
phonium Salts. | 

By EvGENE ROTHSTEIN, ROWLAND W. SAVILLE, and (in part) PETER E. Horn. 


The preparation and reactions of derivatives of trialkylpropenephos- 
phonium and hexa-alkylpropenylene-1 : 3-diphosphonium salts are reported. 
The probability of the occurrence of tautomerism in the latter compounds is 
discussed. 


THIS paper reports an extension of investigations on unsaturated quaternary ammonium 
salts (Ingold and Rothstein, J., 1929, 8; 1931, 1666; Rothstein, J., 1940, 1560) to the 
corresponding quaternary phosphonium salts. The conclusions reached in Part I indicate 


* Part I, preceding paper. 
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that although the inductive polar effect (—J) of phosphorus should be less than that of 
nitrogen, the former element is more capable of accommodating an anionic charge, and 
therefore tautomeric systems activated by phosphonium groups should be at least as 
mobile as the nitrogen analogues. The partial quinquecovalent state of phosphorus in 
these compounds may to some extent hinder the separation of a proton from the three- 
carbon system, since in addition to structures (a) and (6) which stabilise the mesomeric 
ion, others such as (c) may be envisaged, the corresponding ion being (d) : 


+ oa 


ae H es ~ H sd 
(a) X R,P-CH=CH-CH=PR, X X R,P=CH-CH=CH-PR, X (6) 
- + = + H - 
(c) X R,P-CH=CH-CH,-PR, X X R,P-CH=CH-CH=PR, X (4) 
Thus although phosphorus with an sf* configuration for the o-bonds can from symmetry 
considerations form two strong x-bonds by accepting two pairs of electrons (in this case 
one from the anion and the other from the three-carbon system), the formation of a 
negatively charged phosphorus ion must necessarily increase the promotional energy 
needed to utilise the d orbitals. The unsaturated phosphonium salts do indeed appear to 
be more mobile than the ammonium compounds. In many of their reactions the two 
classes of compounds are similar but the elimination of hydrogen halide from their halogen 
derivatives often shows differences which result from different factors not yet elucidated. 
Thus the reactions of 2-bromoethyltrimethyl-ammonium and -phosphonium bromides with 
alkali (ammonia, silver oxide, or sodium hydroxide) yield the vinyl derivatives and the 
substitution products respectively (Hofmann, Compt. rend., 1859, 49, 883), and similarly 
whilst 3-chloropropyltrimethylammonium halides afford the allyl compounds (Lucius, 
Arch. Pharm., 1907, 245, 249; Rothstein, /., 1940, 1558), phosphonium salts do not 
(see p. 3997). 

Synthesis and Reactions of Hexa-alkylpropenylene-1 : 3-diphosphonium Salts.—Glycerol 
1 : 3-dibromide was condensed with either triethyl- or tri-n-propyl-phosphine, and the 
hydroxytrimethylenediphosphonium salts (I) so obtained were dehydrated with phosphorus 
pentachloride yielding the PPPP’P’P’-hexa-alkylpropenylene-1 : 3-diphosphonium salts 

HO-CH(CH,Br), ——» HO-CH(CH,PR,*), (Br-), — *+PR,‘CH:CH-CHyPR,* (X~), 
(1) ‘Y = (11) 
Cl-CH(CH,"PR;,*), (Br-), (R = Et or Pr) 
(III) 
(II). In this reaction a very small amount of the intermediate 2-chloro-derivative (III) 
which easily eliminated hydrogen halide was isolated. 
The unsymmetrical diphosphonium salts (V and Va) were similarly prepared : 
Cl-CH,CH(OH)-CH,:PPr,*+ I- ——» +PEt,-CH,CH(OH)-CH,:PPr,* (X~), 
(IV) 
—» +PEt,-CH!CH-CH,-PPr,* (X-), —» +PEt,-CH,-CH:CH-PPr,* (X~), 
(V) (Va) 

Styphnic acid usually afforded the distyphnates (VI) but sometimes (particularly with 

the saturated salts) reacted as a dibasic acid yielding monostyphnates (VII). 
HO-CH(CH,"PR;*), [(NO,);C,H(OH)-O-}, HO-CH(CHy'PR,*), (NO,);C,H(-O-), 
(Vi) (VII) 

The structures of the unsaturated diphosphonium salts were shown by comparison of 
their reduction products (IX) with those obtained by independent synthesis via (VIII) : 
(II or V) ——» +PR’,CH,CH,CH,PR,* (X~), «4—— Br-CH,CH,CH,PR,* X- «<— CH,(CH,Br), 

(IX) (VIII) 

All the unsaturated diphosphonium salts resisted fission by ozone; alkaline 
permanganate, on the other hand, readily oxidised them but an identifiable product could 
not be isolated. 
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Although the isomeric substances (V) and (Va) should have been formed, repeated 
fractional crystallisation failed to yield more than one individual. Unequivocal syntheses 
of each of the isomers were difficult to devise. In the case of the ammonium salts the 
method followed (Ingold and Rothstein, loc. cit.) was *R,N-CH,*CHCI-CH,’NR’, —> 
*R,N-CH:CH-CH,:NR’, —» *R,N-CH:CH’CH,’NR’;*, but a major difficulty in using a 
similar route for phosphorus compounds is the absence of a method for the preparation of 
pure secondary phosphines in quantity. Advantage, however, was taken of a recent 
observation of one of us (unpublished) that although halogen attached to a vinyl group is 
usually unreactive in ethanol or ¢ert.-butanol, in certain cases replacement can be effected 
in amylalcohol. Amongst reasons for believing that the process is direct replacement, and 
neither elimination followed by addition (e), nor addition followed by elimination (f), is 


(e) C/-CH=CHR —-» CH=CR —» XCH=CHR 


Tee eo sana 


(f) Cl-CHX-CH,R 


that anions are added to these olefinic derivatives at the 2-position, and the same is likely 
for acetylenic compounds. Application of this reaction to propenyl derivatives afforded 
the chloroallylphosphonium salts (X) and (Xa), which should yield the diphosphonium 
salts (V) and (Va) respectively : 

PPr, PEt, 
(Va) «— Cl-CH:CH-CH,:PEt,* Cl- «—— Cl-CH:CH:CH,Cl ——-» Cl-CH:CH:CH,°PPr,* Cl- ——» (V) 

(Xa) (X) 

In fact, (X) and (Xa) furnished the same product, and the presumption is that this is due 
to interconversion of (V) and (Va) since, if mobility is decreased by the use of the dibromo- 
butenes (XI) and (XII), the two distinct isomerides (XIII) and (XIV) can be isolated : 


Br-CHMe-CH:CHBr ——» Br- *+PPr,-CHMe:CH:CHBr ——» Br- *+PPr,-CHMe:CH:CH:PPr,* Br- 


(XI) (XIII) 
Br-CMe:CH-CH, Br ——» Br-CMe!CH-CH,:PPr,+ Br~ ——» Br- +PPr,-CMe:CH:CH,PPr,* Br- 
(XII) (XIV) 


The triethyltripropylpropenylenediphosphonium picrates obtained from the chloro- 
derivatives (X) and (Xa) had melting points which differed from that of the picrate (m. p. 
151—152°) of the compound obtained by dehydration of the hydroxytrimethylenedi- 
phosphonium chloride (IV), although there was no depression of the m. p. on admixture 
(such depressions do occur for totally different diphosphonium picrates; ¢.g., all the above 
picrates depress the m. p. of hexa-n-propylpropenylenediphosphonium picrate). The melting 
points of the picrates derived from chloroallyl chloride varied from 154° to 183° according 
to the number of recrystallisations but all the specimens gave correct analytical data and 
afforded intermediate melting points when mixed with one another. The identity of the 
two picrates of m. p. 183° was confirmed by measuring their solubilities in acetone 
(cf. Ingold and Rothstein, loc. cit.) which was constant both for the single substances and 
their mixtures. The compounds may be mixtures of tautomerides having widely separated 
melting points but in the absence of methods for ascertaining the position of the double 
bonds this cannot be confirmed and geometrical isomerism is not precluded. 

Attempts to alkylate the diphosphonium salts (II) with alkyl halide and sodium 
alkoxide led to the production of what appeared to be isomerides. The same transformation 
occurred with piperidine in acetone. Owing to the small quantities available the structures 
of the new compounds have not yet been determined. 

Trialkylallylphosphonium Derivatives.—These were obtained by condensation of allyl 
bromide with the corresponding tertiary phosphine. The structure of allyltri-n-propyl- 
phosphonium halide was shown by its reduction to tetra-n-propylphosphonium halide and 
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by fission by ozone, but in the latter reaction the fragment including the phosphonium 
portion was, not the aldehyde, but the corresponding dichloro-compound (XV) : 
RO-CHMe-CH,'PPr,+ X~ «—— CH,:CH-CH,"PPr,+ X- ——» CH,O + X,CH-CH,'PPr,+ X 
(XVI) (XV) x - = Cl or Br; 
Me or Et) 
Unlike the diphosphonium salts, the allyl derivatives showed considerable double-bond 
activity, reaction with sodium alkoxide yielding the 2-alkoxy-derivative (XVI) although 
mild alkali did not react. This may be compared on the one hand with allyltrimethyl- and 
trimethylprop-l-enyl-ammonium salts which are unreactive to dilute alkali or alkoxide, 
and on the other with alkyl prop-l-enyl sulphone which adds water or alcohol in the presence 
of traces of alkali (Rothstein, J., 1934, 684). The last-mentioned addition also occurs with 
alkyl allyl sulphones but is preceded by isomerisation to the prop-l-enyl compound 
(Backer and De Jong, Rec. Trav. chim., 1948, 67, 884). It has not yet been possible to 
isomerise allylphosphonium compounds and therefore at what stage addition occurs has 
yet to be determined. It is significant, however, that, although elimination of hydrogen 
halide from the 2-halogenopropyl derivative leads, in the case of ammonium salts 
and sulphones (Rothstein, occ. ctt.), to the prop-l-enyl compounds Me-CHX:CH,R —» 
Me:CH:CHR (R = -NMe, °SO,°CH,Ph), 2-chloropropyltri-n-propylphosphonium chloride 
yields the allylphosphonium salt. In the first two cases it is certain that the primary 
product is not the allyl compound, and it seems therefore that, if the prop-l-enyl- 
phosphonium salt is formed, it is rapidly converted into the allyl isomeride. The absence 
of addition to the unsaturated ammonium salts may be explained by the relatively high 


+ += 
energy of a structure such as Me‘CHCH:NMe,}HX compared with those corresponding for 
the sulphone and the phosphonium salts where the postulated formation of a x-bond by 
utilisation of the d orbitals is possible. It has already been mentioned that trialkyl-3- 
chloropropylammonium salts yield the allyl derivative quite smoothly. The phosphonium 
derivatives do not under similar conditions lose hydrogen halide but a hexa-n-propyltri- 
methylenediphosphonium salt is formed accompanied by a faint odour of phosphine : 

2Br-CH,CH,CH,:PPr,+ X- ——» ? + CH,(CH,:PPr,*), (X7), 
and in this respect they resemble 3-chloro-sulphones which however yield the hydroxy- 
derivative with alkalis. 
The chloroallylphosphonium salts (X and Xa) were similar in their reactions to the 
unsubstituted compounds, but here ozonolysis yielded the normal products, namely, the 
trialkylcarboxymethylphosphonium salt (XVII), hydrogen chloride, and carbon monoxide : 


(X) —» HCl + CO + X-+PR,CH,CO,H (XVII) 


EXPERIMENTAL 

Preparation of Trialkylphosphines.—Trimethylphosphine. The preparation from methyl- 
magnesium bromide and phosphorus trihalide, under various conditions, always gave poor 
yields, owing to the easy formation of tetramethylphosphonium salts. Pure trimethyl- 
phosphine was obtained by warming the silver iodide derivative, (Me,P,Agl),, in a stream of 
oxygen-free nitrogen (Mann and Wells, J., 1938, 702) but the method was unsuitable for the 
preparation of any quantity of the substance and in spite of the exclusion of air the phosphine 
was always contaminated with impurities arising from its oxidation and alkylation. 

Triethylphosphine. This was obtained in nearly 50% yield by the addition of an excess of 
ethereal ethylmagnesium bromide to phosphorus tribromide (70 g.) in ether (100 c.c.) (Hibbert, 
Ber., 1906, 39, 161; Fenton and Ingold, /., 1929, 2342; Slotta, Ber., 1927, 60, 298). It was 
stored under carbon dioxide and transferred either to a vertical nitrogen-filled pipette or to the 
reaction vessel by pressure of purified nitrogen. Preparation of triethylphosphine on the scale 
used for the n-propyl compound was on the whole unsuccessful. 

Tri-n-propylphosphine. The preparation was a modification of that used by Davies, Pearse, 
and Jones (J., 1929, 33, 1262). n-Propylmagnesium bromide (4 mols.), prepared in two portions 
from a total of »-propyl bromide (592 g.), magnesium (96 g.), and ether (2 1.), was placed in a 
5-1. 3-necked flask fitted with a heavy mercury-sealed spiral stirrer, a reflux condenser, and a 
nitrogen inlet. Ethereal (250 c.c.) phosphorus trichloride (122 g., 0-88 mol.) was cautiously 
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added during 5 hr. to the above solution cooled in ice-salt, oxygen-free nitrogen being passed 
through the liquid. The mixture was then heated under reflux for 0-5 hr. and aqueous 
ammonium chloride (600 g. in 21.) was slowly added. This addition occupied 4 hr. and was 
at first accompanied by a vigorous reaction but could be accelerated after a quarter of the 
ammonium chloride solution had been added. The product was siphoned into a separating 
funnel in an atmosphere of carbon dioxide, the useful device described by Dyke, Davis, and 
Jones (J., 1930, 463) being employed. The ethereal extract was dried (Na,SO,) and distilled 
in nitrogen. The product had b. p. 77°/13 mm. (80—85 g., 56%). Occasionally the presence 
of a fine precipitate in suspension prevented the use of a siphon; in such cases all operations 
were carried out in a large box filled with carbon dioxide and fitted with a glass observation 
window and protected arm-holes. 

The phosphines could also be isolated in the forms of their addition products with carbon 
disulphide, R,P,CS, (Hofmann, Annalen, Suppl., 1861, 1, 26), but a satisfactory method for 
decomposition of these could not be found. Decomposition by heat was attended by sublim- 
ation and by recombination of the gaseous components. 

Preparation of 2-Hydroxytrimethylene diphosphonium Salts.—(a) A solution of 1: 3-di- 
bromohydrin (15 g.) in absolute ethanol (25 c.c.) was boiled for 5 hr. under reflux with tri-n- 
propylphosphine (25 g.). Addition of dry ether to the cooled solution precipitated a viscous 
oil which quickly crystallised to a white hygroscopic solid; this was dried over phosphoric oxide. 
An aqueous solution of the bromide was mixed with an excess of silver oxide, and the filtered 
liquid mixed with aqueous-alcoholic sodium iodide. The precipitated 2-hydroxy-PPPP’P’P’- 
hexa-n-propylirimethylene-1 : 3-diphosphonium di-iodide separated from dry ethanol in colourless 
leaflets, m. p. 277° (Found: C, 39-7; H, 7-5; I, 39-7, 39-9. C,,H,,OP,I, requires C, 39-9; H, 
7-6; I, 40:2%). The monostyphnate crystallised from 90% ethanol in feathery needles, m. p. 
214° (slow decomp.) (Found: C, 52-2; H, 7-9; N, 6-7. C,,H,O,N,P, requires C, 52-2; H, 
7-9; N, 68%), the dipicrate in lemon-yellow needles (from dilute ethanol), m. p. 135—136° 
(Found: C, 47-7; H, 6-5; N, 10-6. C,3H;,0,;N,P, requires C, 47-5; H, 6-3; N, 10-1%), and 
the very sparingly soluble monochloroplatinate from a large quantity of aqueous ethanol in 
orange-fawn crystals, m. p. 215° (decomp.) (Found : C, 31-9; H, 6-1; Pt, 24-1. C,,H,,OCI,P,Pt 
requires C, 32-1; -H, 6-1; Pt, 24-8%). 

(b) 2-Hydroxy-3-iodopropyl-PPP-tri-n-propylphosphonium iodide was prepared by boiling 
under reflux an alcoholic solution of 1: 3-di-iodohydrin (excess) with tri-n-propylphosphine 
for 3 hr. The product crystallised from the cooled solution and recrystallised from absolute 
ethanol as prisms, m. p. 132—134° (Found: C, 30-8; H, 5-8; I, 53-1. C,,H,,OI,P requires 
C, 30-5; H, 5-7; I, 538%). Addition of ether to the original mother-liquors precipitated a 
small amount of an unidentified substance, m. p. 138—139° (Found : C, 34-7; H, 6-6; I, 51-9%). 
The monostyphnate of the hydroxy-iodo-compound was only moderately soluble in hot water 
and did not crystallise well, tending to separate as an oil which solidified to a flaky solid. After 
four recrystallisations from ethanol it still possibly contained a small quantity of distyphnate. 
The m. p. was then 104—105° (Found: C, 39-5; H, 5:9; N, 4-2. Calc. for C;,.H,;,;0,9N;5P,I;, : 
C, 38-6; H, 5:9; N, 4:5%). 

(c) Tri-n-propylphosphine (16 g.) was boiled for 4 hr. under reflux with 3-chloro-1-iodo- 
propan-2-ol (23-0 g.) (Reboul, Annalen, Suppl., 1861, 1, 225, 228) in ethanol (40 c.c.), affording 
mainly 3-chloro-2-hydroxy-n-propyltri-n-propylphosphonium iodide, prisms (from ethanol— 
ether), m. p. 145° (25 g., 66%) (Found: C, 36-6; H, 7-0. Calc. for C,,H,,OPCII: C, 37-8; H, 
7:1%). The low figures for carbon in this and the analysis below suggest that partial replace- 
ment of chlorine by iodine had occurrred since subsequent condensation to the diphosphonium 
derivatives yielded satisfactory products. The above iodide was sparingly soluble in ethyl 
acetate and much more so in ethanol. The picrate could not be obtained crystalline, whilst the 
chloroplatinate (crude, m. p. 129°) was practically insoluble in all common solvents. The 
monostyphnate, needles (from ethanol), m. p. 112—113°, had the low carbon content mentioned 
above (Found: C, 46-5; H, 7:2; N, 5-3. Calc. for C,.H;;0,)N;P,Cl,: C, 48-0; H, 7:3; N, 
5-6%). 

(4) A mixture of triethylphosphine (11-8 g., 0-1 mol.), dry ethanol (30 c.c.), and 1-chloro-3- 
iodopropan-2-ol (23 g., 0-11 mol.) was boiled under reflux for 2 hr. Two layers were formed, 
the lower depositing colourless crystals which after two recrystallisations from ethanol had 
m. p. 119—121°. Further recrystallisations gave m. p. 133—136°. Excess of dry ether added 
to the original mother-liquors precipitated 3-chloro-PPP-triethyl-2-hydroxypropylphosphonium 
todide, slowly separating from ethanol in colourless crystals, m. p. 141° (Found: C, 31-1; H, 
6-0. C,H,,OPCII requires C, 31-9; H, 6-2%). It appeared that the lower-melting substance 
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was a mixture of the 3-iodo-salt with a small quantity of the chloro-derivative since different 
samples gave analyses intermediate between those required for either derivative (Found: C, 
25-7, 27-5; H, 4-6, 5-3. Calc. for C,H,,OPI,: C, 25-1; H, 48%). This was probably true of 
the other salts also. The picrate had m. p. 82—84° (Found: C, 34-2, 34-1; H, 4-3, 4-4; N, 
7-8, 7-4. C,;H,,;0,N,PI requires C, 33-9; H, 4:3; N, 7-9%) and the monostyphnate, orange- 
yellow prisms, m. p. 142° after three recrystallisations from aqueous ethanol (Found: C, 34-2; 
H, 5-2; N, 4:5. C,,H,,0,)9N;P,I1, requires C, 33-9; H, 5-1; N, 49%). 

(e) The foregoing 3-chloro-PPP-triethyl-2-hydroxypropylphosphonium iodide (10 g.) was 
boiled under reflux for 6 hr. with tri-n-propylphosphine in alcoholic solution. The extremely 
deliquescent diphosphonium salt was precipitated with ether, the semi-liquid product crystal- 
lising after several days in a vacuum-desiccator over phosphoric oxide. Heating a solution of 
the compound with a solution of sodium styphnate precipitated PPP-triethyl-2-hydroxy-P’P’P’- 
tri-n-propylirimethylenediphosphonium distyphnate (cf. VI) which separated from aqueous 
ethanol in needles, m. p. 143—144° (decomp.) (Found: C, 44-0; H, 5-5; N, 10:1%; M, 773. 
C39H,,0,,N,P, requires C, 43-7; H, 5-6; N, 10-2%; M, 824). The main product obtained 
when the solution was cooled was the monostyphnate (cf. VII), which was deposited after 
several hours. It crystallised from aqueous ethanol in a fine powder, m. p. 213° (decomp.) 
(Found: C, 49-6; H, 7:3; N, 7:4. C,.,Hy,O,N,P, requires C, 49-7; H, 7-4; N, 7:3%). The 
identical styphnate (as VII) (m. p. and mixed m. p.) was obtained from triethylphosphine and 
3-chloro-2-hydroxypropyl-PPP-tri-n-propylphosphonium iodide (Found: C, 50-2; H, 7-6; N, 
7:7%). The dipicrate separated from ethanol in bright yellow needles, m. p. 151° (Found: C, 
45-4; H, 5-8; N, 11-1. CygH,,0,5N,P. requires C, 45-5; H, 5-8; N, 10-6%). 

Reaction of 2-Hydroxypropyldiphosphonium Salts with Phosphorus Pentachloride.—(a) Phos- 
phorus pentachloride (4-4 g.) was added gradually to a solution of the above triethylhydroxy- 
tripropylphosphonium dibromide (7-5 g.) in chloroform (25 c.c.). Little reaction was evident 
in the cold and no hydrogen chloride was evolved until the liquid was boiled. After 1 hr. the 
cooled solution was extracted twice with water. The chloroform layer yielded a thick oil, 
affording a styphnate which crystallised with difficulty, but separated from ethanol as a fine 
powder, m. p. 94°, containing halogen. After repeated crystallisations it finally was deposited in 
the form of prisms, m. p. 134° (Found: C, 42:3; H, 5-6; N, 7-9; Cl, 10-8%). It was un- 
saturated to permanganate but the chlorine content was too high even for the saturated 
2-chloro-derivative. 

The aqueous layer yielded PPPP’P’P’-hexa-n-propylpropenylene-1 : 3-diphosphonium di- 
styphnate which after repeated recrystallisation separated from aqueous ethanol in shining 
flakes, m. p. 167—168° (Found: C, 46-5; H, 5-9; N, 10-0. C,,H;,0,.N,P, requires C, 46-8; 
H, 5-9; N, 9-9%). It was also obtained from ethy! acetate as thick yellow prisms, m. p. 177° 
(Found: C, 46-7; H, 6-0; N, 9:8%). 

(b) The above experiment was repeated with phosphorus pentachloride (4-7 g.), the 
phosphonium bromide (8-1 g.), and chloroform (20 c.c.). In this case after the reaction was 
complete, the product was mixed with water and the chloroform distilled off. The residual 
aqueous liquid was made just alkaline with sodium hydroxide and evaporated to dryness on the 
steam-bath. The residue was kept over sulphuric acid for some days and then extracted with 
ethanol, the extract on removal of the solvent affording a hygroscopic solid. This yielded the 
diphosphonium picrate which was sparingly soluble in alcohol and ethyl acetate and separated 
from these solvents in orange-yellow prisms, m. p. 156—157° (yield, 6-5 g.) (Found: C, 
48-9; H, 6-0; N, 10-3. C,,H;,0,4N,P. requires C, 48-5; H, 6-1; N, 103%). Potassium 
permanganate was decolorised by both the styphnate and the picrate, but bromine water was 
unaffected. 

(c) The product of the reaction between tri-n-propylphosphine (5 g.) and 3-chloro-PPP- 
triethyl-2-hydroxypropylphosphonium iodide (9 g.) was converted into the chloride by successive 
treatment with silver oxide and dilute hydrochloric acid, followed by evaporation to dryness. 
The white semi-solid so obtained (after final desiccation over sulphuric acid) still contained 
traces of hydrogen chloride, and its aqueous solution was therefore neutralised with sodium 
carbonate solution and again evaporated. The residual brown mass was extracted with 
ethanol, the liquid filtered, and the filtrate concentrated, affording a neutral residue which was 
dried over phosphoric oxide in a vacuum. This material (4 g.) was treated in chloroform 
(20 c.c.) with phosphorus pentachloride (3-1 g.), the product affording PPP-triethyl-P’P’P’-iri- 
n-propylpropenylene-1 : 3-diphosphonium dipicrate which crystallised from ethyl acetate in large 
prisms, m. p. 151—152° (Found: C, 46-8; H, 5-9; N, 10-8. C;,.H,,0,,N,P, requires C, 46-5; 
H, 5-7; N, 10-9%). 
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Preparation of the Diphosphonium Derivatives from Chloroallyl Chloride.—(a) (i) A solution of 
3-chloroallyl chloride (30 g.) in ethanol (20 c.c.) was added with cooling to a solution of tri-n- 
propylphosphine (40 g.) in the same solvent (150 c.c.). The reaction was completed under 
reflux. The colourless syrupy chloride which was precipitated by the addition of dry ether 
(800 c.c.) was purified by redissolving it in ethanol and reprecipitating it. Further quantities 
were obtained by extraction of the ethereal layers with water and evaporation of the combined 
extracts. The crude chloride (63 g., 93%) furnished 3-chloroallyltri-n-propylphosphonium 
picrate as prisms, m. p. 60—61°, from ethanol (Found: C, 462; H, 55; N, 93. 
C,,H,,0,N,CIP requires C, 46-6; H, 5-8; N, 9:1%). 

(ii) The above chloride, boiled for 16 hr. under reflux with an amyl alcoholic solution of 
tripropylphosphine (15 g. in 40 c.c.), afforded hexa-n-propylpropenylenediphosphonium picrate 
which had a somewhat lower m. p. (153—154°) than that previously obtained but was otherwise 
identical with it (mixed m. p. and solubilities) (Found: C, 48-3; H, 6-1; N, 10-1%). 

(iii) Triethylphosphine was condensed with chloroallyltripropylphosphonium chloride in 
the same way as before. Addition of sodium picrate solution to an aqueous solution of the 
product afforded first a picrate which separated from ethanol in small prisms, m. p. 164—165° 
raised to 177—179° by crystallisation from ethanol—acetone (Found: C, 46-5; H, 6-0; N, 11-3. 
Calc. for C5,H,,0,,N,P,: C, 46-5; H, 5:7; N, 10-9%). Two more crystallisations from acetone 
raised the m. p. to 183°. The analytical figures were similar to those above. The mother- 
liquors deposited more picrate which crystallised from ethyl acetate in flakes, m. p. 154—155° 
(Found: C, 46-2; H, 5-7; N, 11-1%). 

(b) (i) Ethanolic triethylphosphine with 3-chloroallyl chloride afforded 3-chloroallytriethyl- 
phosphonium picrate which was recrystallised by dissolving it in ethanol at 25—30° and cooling 
the solution to —10° (Found: C, 42:6; H, 5:2; N, 9-8; Cl, 8:3. C,,H,,;0,N,PCl requires C, 
42-7; H, 5-0; N, 10-0; Cl, 8-4%). Higher temperatures caused precipitation of an oil which 
crystallised with difficulty. The chloroplatinate separated from dilute ethanol as a light orange 
powder, m. p. 235° (decomp.) (Found: C, 27-8; H, 5-1. C,H;,Cl,P,Pt requires C, 27:2; H, 
48%). 

(ii) Condensation with tri-n-propylphosphine was accomplished in amyl alcohol in the usual 
way. The picrate of the product was recrystallised first from ethanol and then from ethanol- 
acetone and had m. p. 176—177° (Found: C, 47-1; H, 5-9; N, 11-1%). Further recrystallis- 
ations from acetone furnished a picrate, m. p. 183° (Found: C, 47-1; H, 5-8%). 

The solubilities of the diphosphonium picrates in acetone at 25° were measured in the same 
way as those of the corresponding ammonium salts. The mean figure for the picrates, m. p. 183° 
(six determinations), prepared by either of the above methods was 0-0109 g./c.c. and was un- 
altered by the addition of either sample to the saturated solution. 

Attempted Alkylation of the Unsaturated Diphosphonium Salts.—(a) A methanolic solution of 
hexa-n-propylpropenylenediphosphonium chloride (2 g.) was warmed for a few minutes with 
sodium methoxide (3 equivs.), excess of methyl iodide added, the mixture boiled under reflux 
for 10 min., then filtered, and the filtrate diluted with water and evaporated to dryness. The 
residue furnished a picrate, isomeric with that of the starting material, which separated from 
acetone-ethanol in narrow prisms, m. p. 204—205°. There was a slight depression of the m. p. 
when it was mixed with the original diphosphonium picrate (Found: C, 48-6; H, 6-3; N, 
10-3%). The same picrate (mixed m. p.), m. p. 203° in this case, was obtained when the hexa- 
n-propyl-diphosphonium chloride was gently warmed in acetone solution with a slight excess of 
piperidine (Found: C, 48-2; H, 5-7; N, 10-6; P, 7:5; M, 750. C,3;H;,0,4N,P. requires C, 
48:5; H, 61; N, 10-3; P, 7-6%. M, 810). 

(6) Similarly, the reaction of sodium methoxide with triethyltri-n-propylpropenylenedi- 
phosphonium chloride yielded an isomeric compound the picrate of which separated from 
acetone-ethanol in feathery needles, m. p. 181—182°. This picrate depressed the m. p. of that 
of the starting material by about 5° when a trace of it was added to the latter and was also much 
less soluble in acetone (Found: C, 46-5; H, 5:9; N, 11:4. C3,H4sO,4N,P, requires C, 46-5; H, 
5:7; N, 10-9%). 

Reduction of Propenylenediphosphonium Salts.—The unsaturated picrate (2 g.) was converted 
into the chloride and a hot solution of the latter in amyl alcohol containing 5% of water was 
treated with 2% sodium amalgam until reduction was complete. Acidification and evaporation 
of the solvent yielded the impure chloride which was converted into the picrate in the usual way. 
PPPP’P’P’-Hexa-n-propyltrimethylenediphosphonium picrate separated in clusters of needles, 
m. p. 128° (Found: C, 48-7; H, 6-5; N, 10-6. (C33;H;,0,,N,P, requires C, 48-4; H, 6-4; N, 
10:3%). The chloride did not decolorise permanganate solution. Hydrogenation at 50 atm. 
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in glacial acetic acid in presence of platinum oxide was also possible but not in the case of the 
triethyltripropyl derivative. The trimethylenediphosphonium salt was also synthesised 
independently from trimethylene bromide (2-5 equivs. of tri-n-propylphosphine) or 3-bromo-n- 
propyltri-n-propylphosphonium bromide (one equiv. of the phosphine). The picrate of the 
product from the former condensation had m. p. 129—130° and was identical with the other two 
(mixed m. p.) (Found: C, 48-7; H, 6-4; N, 10:3%). 

PPP-Triethyl-P’P’P’-tri-n-propylirimethylenediphosphonium picrate was obtained from the 
unsaturated chloride by sodium-amalgam reduction. It separated from ethanol in prisms, 
m. p. 138° (Found: C, 46-8; H, 5-9; N, 10-8. C,.H,,0,,N,P, requires C, 46-4; H, 5-9; N, 
10:8%). It was identical (m. p. and mixed m. p.) with the saturated picrates obtained 
analogously to the hexapropyl derivatives. 

Preparation of Butenylenediphosphonium Salts.—(a) The product obtained by boiling under 
reflux a mixture of 1: 3-dichlorobut-2-ene (6-25 g.) with tri-n-propylphosphine (16 g.) and 
ethanol (20 c.c.) for 6 hr. was isolated by precipitation with dry ether. It yielded 3-chlorobut-2- 
enyl-1-tri-n-propylphosphonium picrate, separating from ethanol in glistening leaflets, m. p. 75— 
76° (Found: C, 47-9; H, 5-8; N, 8-6; Cl, 7:3. C,,H,,0,N,CIP requires C, 47-7; H, 6-1; N, 
8-8; Cl, 7:-4%). 

(b) The chloride of the above chloro-phosphonium compound was condensed with tri-n- 
propylphosphine in amyl alcohol at 120—130° and precipitated with dry ether. From this was 
obtained PPPP’P’P’-hexa-n-propylbut-2-enylene-1 : 3-diphosphonium picrate, crystallising from 
ethanol, containing a few drops of acetone, in prisms, m. p. 156—157° (Found: C, 49-2; H, 
6-2; N, 10-4. CsgH;,0,4N,P, requires C, 49:2; H, 63; N, 10-1%). The four or five 
recrystallisations necessary to obtain a constant m. p. for the picrate suggested the presence of 
an isomeride. The picrate depressed the m. p. of the hexapropylpropene derivative. 

(c) 1: 3-Dichlorobut-l-ene, b. p. 69—70°/125 mm., was obtained by the spontaneous 
rearrangement of 1 : 1-dichlorobut-2-ene prepared from crotonaldehyde and phosphorus penta- 
chloride (Andrews, J. Amer. Chem. Soc., 1946, 68, 2584). The phosphonium chloride obtained 
by condensing the rearranged dichloride with tri-n-propylphosphine yielded no crystalline 
picrate or styphnate. 1-Chlorobut-1-enyl-3-tri-n-propylphosphonium chloroplatinate separated 
from ethanol, in which it was very sparingly soluble, as a crystalline powder, m. p. 188—189° 
(Found: C, 34-4, 34-7; H, 6-4, 5-9. C,,H,,Cl,P,Pt requires C, 34-4; H, 6-0%). 

(d) The chlorobutenylphosphonium chloride condensed with a further mol. of tripropyl- 
phosphine to yield the diphosphonium chloride which afforded PPPP’P’P’-hexa-n-propylbut-1- 
enylene-1 : 3-diphosphonium picrate, separating from acetone-alcohol as a bright yellow 
crystalline powder, m. p. 101—102-5° (Found: C, 49-2; H, 6-2; N, 10-4. C,,H,;,0,,N,P, 
requires C, 49-2; H, 6-3; N, 10-1%). A mixture of equal parts of the diphosphonium picrates 
from (b) and (d) had m. p. 104—105°. No mixture of the two having a lower m. p. than this 
was found. 

Trialkylallylphosphonium Salts.—(a) Allyl bromide (13 g.) was added with cooling to a 
solution of tri-n-propylphosphine (16 g.) in ethanol (30 c.c.) under reflux. When the initial 
vigorous reaction had subsided, the solution was boiled for 20 min., and the extremely deli- 
quescent bromide precipitated with dry ether (1 1.) and purified by redissolving it in dry ethanol 
and reprecipitating it. Thus was obtained allyltri-n-propylphosphonium picrate which was very 
soluble in ethanol and was deposited therefrom in narrow prisms, m. p. 60° (Found: C, 50-7, 
50-6; H, 6-6, 6-7; N, 10-0, 9-9. C,,H,,O,N,P requires C, 50-3; H, 6-5; N, 98%). The 
styphnate separated from ethanol in prisms, m. p. 90° (Found: C, 48-6; H, 64; N, 9-2. 
C,,H,,0,N,P requires C, 48-5; H, 6-3; N, 9-4%). The chloroplatinate was only slightly soluble 
in the same solvent whence it separated in clusters of orange needles, m. p. 192—194° (dependent 
on the rate of heating) (Found: C, 35-4; H, 6-1. C,,H,,Cl,P,Pt requires C, 35-6; H, 6-4%). 

Aliyltriethylphosphonium picrate, obtained similarly, crystallised from alcohol in deep- 
yellow flakes, m. p. 141° (Found: C, 47-0; H, 5-5; N, 11:4. C,;H,.O,N,P requires C, 46-5; 
H, 5:7; N, 109%). It was much less soluble in alcohol than the n-propyl analogue. 

(b) Attempted preparation of tri-n-propylprop-1-enylphosphonium salts. Tri-n-propylphosphine 
(20 g.) was heated under reflux with 3-chloro-2-hydroxypropane (13 g.) for 3 hr. at 120—130°. 
The cooled product was dissolved in dry ethanol and the hygroscopic chloride precipitated with 
excess of dry ether (yield, 25 g.). The 2-hydroxy-n-propyltri-n-propylphosphonium styphnate, 
obtained from the chloride, crystallised from aqueous ethanol in narrow prisms, m. p. 87—88° 
(Found: C, 46-4; H, 6:3; N, 8-6. C,,H;,0,N;P requires C, 46-7; H, 6-5; N, 9-0%). 

The above hydroxy-derivative (20 g.) was converted into the 2-chloro-compound by addition 
of phosphorus pentachloride (25 g., 50% excess) to a chloroform (120 c.c.) solution cooled to 0°. 
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The oil obtained by adding excess of dry ether (1 1.) to the mixture furnished an ill-defined 
picrate, m. p. 95°, and also 2-chloro-n-propyltri-n-propylphosphonium styphnate which 
separated from ethanol in deep yellow prisms, m. p. 85—-86° (Found: C, 45-8; H, 6-2; N, 8-4. 
Calc. for C,;,H,gO,N,CIP: C, 44-9; H, 6-0; N, 8-7%). Admixture of this styphnate with that 
of the hydroxy-compound depressed the m. p.; the high carbon content may have been due to 
the presence of olefinic compound resulting from the elimination of hydrogen chloride. 

(c) Dehydrohalogenation. The 2-chlorophosphonium chloride (11 g.) was slowly added to a 
solution of potassium hydroxide (2-26 g.) in ethanol (85 c.c.) and left for 1 hr. at room 
temperature. After filtration the solution was made just acid to Congo-red with dilute hydro- 
chloric acid and then evaporated to dryness, yielding a thick viscous residue which decolorised 
alkaline permanganate solution. The styphnate (Found: C, 47-7; H, 6-2; N, 9-6. Calc. for 
C,sH,,O,N;P: C, 48-5; H, 6-3; N, 9-5%) and the picrate were both identical (m. p. and mixed 
m. p.) with the corresponding allyltri-n-propylphosphonium salts. 

(d) Other attempts to prepare the l-enylphosphonium salts were also unsuccessful. 1- 
Bromoprop-l-ene (prepared together with the 2-bromo-derivative from propylene dibromide 
and sodium ethoxide) failed to condense with tripropylphosphine in ethyl or amy] alcohol. 

Reaction between Tri-n-propylphosphine and Trimethylene Bromide.—An ethanolic solution of 
the phosphine (10 g.) was boiled under reflux with a large excess of trimethylene bromide for 
2 hr., and the resulting bromide isolated by repeated precipitation from ethanol by dry ether. 
Treatment with sodium picrate solution yielded 3-bromopropyltri-n-propylphosphonium picrate 
as needles, m. p. 81°, from ethanol (Found : C, 42-3; H, 5-8; N, 8-3. C,,H,.O,N,BrP requires 
C, 42-4; H, 5-7; N, 8-2%). The styphnate crystallised from this solvent in deep-yellow plates, 
m. p. 81—82° (Found: C, 41-6; H, 5-6; N, 82. C,,H.O,N,BrP requires C, 41-1; H, 5-5; 
N, 80%). 

The compound was also obtained by condensing 3-chloropropan-1-ol (9-5 g.) with tripropy]l- 
phosphine (16-1 g.) in alcohol, precipitating the chloride with ether, drying it over concentrated 
sulphuric acid, then adding phosphorus pentabromide to its solution in chloroform at 0°. The 
product was again isolated by precipitation with dry ether, and reprecipitated from ethanol. 
More of the phosphonium salt was obtained by extraction of the ethereal layers with water and 
evaporation of the aqueous solution. The styphnate was identical (m. p. and mixed m. p.) with 
that last described (Found: C, 41-4; H, 5-6; N, 82%). 

Reaction of 3-Bromopropyltri-n-propylphosphonium Bromide with Alcoholic Potassium 
Hydroxide.—Alcoholic potassium hydroxide (1-5 equivs.) was added to an alcoholic solution of 
the bromide. A precipitate of potassium bromide was formed and a faint odour of phosphine 
became apparent after the addition of approx. one equiv. of alkali. After 10 min., the liquid 
was filtered, the filtrate made slightly acid by dilute hydrochloric acid, filtered again, and 
evaporated to dryness. The residue furnished PPPP’P’P’-hexa-n-propyltrimethylenedi- 
phosphonium picrate, m. p. 128—129°, identical (mixed m. p.) with that prepared from tri- 
methylene bromide (Found: C, 49-0, 48-9; H, 6-5, 6-6; N, 10-3, 10-89%). The distyphnate, 
prisms (from ethanol-acetone), had m. p. 138—139° (Found: C, 46:5; H, 62; N, 9-4. 
C33H;,0,,.N,P, requires C, 46-6; H, 6-1; N, 99%). The diphosphonium salt was also obtained 
when the 3-bromophosphonium bromide was heated with a little more than two equivs. of silver 
acetate. In this case neither the picrate nor the styphnate could be isolated crystalline. The 
chloroplatinate, m. p. 226—228°, which was nearly insoluble in most organic solvents, was 
obtained in orange flakes from a large volume of ethanol or water (Found: C, 32:7; H, 6-1; Pt, 
25-3. C,,H4,Cl,P,Pt requires C, 32-7; H, 6-2; Pt, 25-3%). 

Reactions of Allyltri-n-propylphosphonium Salts.—(a) Reduction. With sodium amalgam 
these compounds are reduced to tetra-n-propylphosphonium derivatives identical with those 
obtained from tripropylphosphine and -propyl bromide. 

(b) Ozonolysis. A solution of the bromide in chloroform was ozonised for 3 days, the solvent 
being replenished from time to time. The liquid became yellow at the commencement of the 
reaction but the colour vanished after a short time and reappeared after 2 days, then being 
permanent. After removal of the solvent, the residue was shaken with saturated sodium 
styphnate solution, affording the somewhat oily 2: 2-dibromoethyltri-n-propylphosphonium 
styphnate, separating from alcohol in prisms, m. p. 98° (Found: C, 34:4; H, 4:3; N, 7-4; Br, 
24-2. C,,H,,0O,N,Br,P requires C, 34-5; H, 4-4; N, 7-1; Br, 27-1%). 

Ozonolysis in chloroform or acetic acid solutions over prolonged periods afforded somewhat 
more reliable results. Distillation of the aqueous liquid by shaking the ozonide with water 
afforded formaldehyde, identified by its 2: 4-dinitrophenylhydrazone (Found: C, 40-3; H, 
3-0. Calc. for C,H,O,N,: C, 40-0; H, 2:9%). The residual liquid afforded the 2 : 2-dibromo- 
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picrate, crystallising from ethanol in thick needles, m. p. 91°. Analyses were rather variable 
(Found: C, 34-9, 35:3; H, 4:3, 4:5; N, 8-2, 7-8; Br, 29-0, 28-1. C,,H,,O,N,;PBr, requires 
C, 35-5; H, 4-5; N, 7-3; Br, 27-8%). 

A similar fission of allyltri-n-propylphosphonium chloride furnished what appeared to be 
essentially 2 ; 2-dichloroethyltri-nx-propylphosphonium picrate as deep-yellow prisms, m. p. 78— 
79° (from ethanol). From analyses it appears that some trisubstitution had occurred (Found : 
C, 41-2, 42-9; H, 5-2, 5-5; N, —, 9-2; Cl, 15-7, 15-7. Calc. for C,,H,,0,N,Cl,P: C, 42-0; H, 
5-4; N, 8-6; Cl, 146%), but it is also possible that the analytical methods employed were 
unsuitable for this type of substance. 

(c) Reaction of allyltri-n-propylphosphonium bromide with diazomethane. An ethereal solution 
of diazomethane (2-8 g.) was added to a suspension of the phosphonium bromide in the same 
solvent, and sufficient chloroform added to make the liquid homogeneous. After several hours 
the volatile constituents were distilled, leaving a residue which furnished ¢tri-n-propylpyrazolyl- 
phosphonium picrate, prisms (from ethanol), m. p. 79—89-5° (Found: C, 47-9, 48-5; H, 6-4, 
6-9; N, 15-4, 15-6. C,,H,;,O,N,P requires C, 48-4; H, 6-4; N, 14-8%). 

(d) Reaction with sodium alkoxides. Sodium carbonate had no action but when a solution 
of allyltri-n-propylphosphonium bromide was mixed with ethyl-alcoholic potassium hydroxide 
(2-5 equivs.) addition occurred. The product was isolated by acidification with hydrochloric 
acid, followed by evaporation to dryness and extraction of the residue with ethanol. From the 
residue obtained by evaporation resulted 2-ethoxy-n-propyltri-n-propylphosphonium picrate 
which was isolated in a crystalline condition with some difficulty but was then deposited from 
ethanol in prisms, m. p. 40—41° (Found: C, 50-6; H, 6-9; N, 9-0; P, 7-1. Cy H,,O,N;P 
requires C, 50-5; H, 7-2; N, 8-6; P, 6-6%). The styphnate, prisms from ethanol, had m. p. 67° 
(Found: C, 48-6; H, 6-7; N, 8-8; P, 6-6. C,9H;,0,N,P requires C, 48-9; H, 6-9; N, 8-6; P, 
6:6%). The chloroplatinate slowly separated from ethanol as an orange powder, m. p. 117° 
(Found: C, 37:1; H, 7:3. C,g,H,,O,Cl,.P,Pt requires C, 37-3; H, 7-1%). 

2-Methoxy-n-propyltri-n-propylphosphonium styphnate was similarly prepared from the 
product of the reaction between phosphonium chloride (5 g.), sodium methoxide (1-14 g.), and 
methanol (30 c.c.). It was very soluble in ethanol whence it crystallised in prisms, m. p. 50° 
(Found: C, 47-8; H, 6-9; N, 8-7. C,)9H;,0,N,P requires C, 47-8; H, 6-7; N, 8-8%). 

Independent Synthesis of 2-Alkoxypropyltri-n-propylphosphonium Salts.—1-Chloro-2-meth- 
oxy- and -2-ethoxy-propane were obtained by alkylating 1-chloropropan-2-ol with the ap- 
propriate alkyl sulphate (Dewael, Bull. Soc. chim. Belg., 1930, 39, 395) and had b. p. 103—104° 
and 117—118° respectively. The methoxy-derivative did not condense with tri-n-propyl- 
phosphine. To effect condensation of the ethoxy-compound, it was necessary to boil it (6 g.) 
for 2 days under reflux with the phosphine in amy] alcohol (15 c.c.), a stream of carbon dioxide 
being passed through the mixture. Addition of dry ether to the resinous product precipitated 
a clear oil. At this stage it was not possible to obtain a styphnate or a chloroplatinate, but 
addition of saturated sodium picrate solution precipitated an oil which eventually crystallised 
and was recrystallised for ethanol—acetone, whence it separated in shining plates, m. p. 154— 
155°, which depressed the m. p. of hexamethylpropenylene-1 : 3-diphosphonium picrate and 
appeared to be 2-ethoxy-PPPP’P’P’-hexa-n-propyltrimethylenediphosphonium picrate (Found : 
C, 48-8; H, 6-9; N, 10-5. C,,;H;,0,;N,P. requires C, 48-7; H, 6-5; N, 9-7%). After this 
picrate had been removed, the remainder of the oil was reconverted into the chloride by addition 
of hydrochloric acid and repeatedly extracted with benzene. The aqueous layer was evaporated 
to dryness, and the residue extracted with ethanol, and after filtration the extract evaporated 
to dryness again. The residual oil yielded a styphnate, m. p. 63°, which was however identical 
(mixed m. p.) with the ethoxypropyltripropylphosphonium styphnate described above (Found : 
C, 48-9; H, 7-0; N, 9:0%). 

Fission by Ozone of 3-Chloroallyltri-n-propylphosphonium Chloride.—Ozonised oxygen was 
passed through a solution of the chloride (~4 g.) in chloroform (20 c.c.) for 3 days, with periodic 
replacement of the solvent. The latter was distilled off, the residue boiled with water, and the 
solution concentrated. The syrup furnished carboxymethyltri-n-propylphosphonium picrate, 
prisms (from ethanol), m. p. 104—105° (Found: C, 46-0; H, 5-9; N, 91. C,,H,,O,N,P 
requires C, 45-6; H, 5-8; N, 9-4%). The vapour evolved during the decomposition of the 
ozonide contained hydrogen chloride, did not give a precipitate with 2: 4-dinitrophenyl- 
hydrazine, and probably contained carbon monoxide (blue flame). 

Carboxymethyltri-n-propylphosphonium picrate was also prepared from chloroacetic acid 
by boiling it with alcoholic tri-n-propylphosphine for 1-5 hr. It was identical (mixed m. p.) 
with that obtained from the above ozonolysis product (Found: C, 46-1; H, 6-3; N, 9-1%). 
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Carboxymethyltriethylphosphonium picrate was similarly prepared by using triethylphosphine. 
It separated from ethanol in glistening leaflets, m. p. 122—123° (softening at 109°). An 
impurity was evidently present which could not be removed by repeated fractional crystallis- 
ation (Found: C, 41-6, 41-7; H, 5-1, 5-2; N, 11-6, 11-9. Calc. for C,,H,,O,N;P: C, 41-5; H, 
4-8; N, 10-4%). 

Reaction of 3-Chloroallyltri-n-propylphosphonium Chloride with Alcoholic Potassium Hydr- 
oxide.—Ethanolic potassium hydroxide (3 equivs.) was mixed with a solution of the chloro- 
phosphonium chloride in the same solvent. A bright green colour was developed, but there 
was no odour of phosphine or evolution of heat. The colour gradually changed to yellow and 
potassium chloride was deposited. The solution was slightly acidified with dilute hydro- 
chloric acid, filtered, and evaporated to dryness, yielding a residue which afforded an oil when 
mixed with saturated sodium picrate solution. After being kept for several days over concen- 
trated sulphuric acid 3-chlovo-2-ethoxypropyliri-n-propylphosphonium picrate crystallised; it 
recrystallised from ethanol in lemon-yellow prisms, m. p. 62—63 (Found: C, 47-5; H, 6-6; 
N, 8:5; Cl, 7°5; OEt, 8-5. C,y9H3,0,N,CIP requires C, 47-1; H, 6-5; N, 8-3; Cl, 7:0; OEt, 
88%). 

We are indebted to the Department of Scientific and Industrial Research for a Maintenance 
Award (to R. W. S.). 
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817. The Reactions of Organic Derivatives of Elements Capable of 
Valency-shell Expansion. Part III.* Reactions of Propenedi- 
sulphonamides. 

By Denis C. NicHOoLsoN and EUGENE ROTHSTEIN. 

NNN’‘N’-Tetraethyl-propene-1 : 3-disulphonamide and -but-2-ene-1 : 3- 
disulphonamide have been prepared. The first can be C-monomethylated, 
yielding the second compound, or trimethylated, affording NNN’N’-tetra- 
ethyl-4-methylpent-2-ene-2 : 4-disulphonamide. All these substances are 
crystalline. In addition, both the propene and butene derivatives can be 
mono- and di-C-alkylated, to give syrups. The electronegative character of 
the sulphonamido-group is further shown by measuring the volume of 
methane which is evolved when the above compounds are treated with 
methylmagnesium iodide, up to two molecules of the gas being obtained. 
The polar character of these compounds, relative to that of the analogous 
sulphones, is discussed. 


In many respects the polar character of derivatives of sulphonic acids is not very different 
from that of sulphones. The similarity between 1 : 1-bisalkylsulphonylalkanes and 1 : 1- 
disulphonic esters, for instance, is illustrated by the easy alkylation of methyl methanedi- 
sulphonate by potassium and methy] iodide (Schréter and Herzberg, Ber., 1905, 38, 3391), 
the resulting methyl ethane-1 : 1-disulphonate affording sodium butane-2 : 2-disulphonate 
when boiled with sodium ethoxide and ethyl iodide (Merzelius, Ber., 1888, 21, 1552). 
Neither ethylene- nor trimethylene-disulphonic acid derivatives contain a replaceable 
hydrogen atom, and propenemonosulphonic acids are similarly inactive; this suggests that 
alkylation is due to x-bond formation resultant on the delocalisation of the electron pair 
forming the carbon-hydrogen bond. The presence of a second sulphonic acid group in the 
propene system stabilises the mesomeric structures (II) and (III), ¢.e., it facilitates the 
separation of a proton as indicated in (I) : 
H iy Ht 
n60Ker crc-s0,k R:SO,4CXCHLCI =SO,R R-SO,“C=CH-CHSSO,R 
(I) (II) (III) 
(R = OH, NH, etc.) 
Confirmatory evidence is provided by the near-ultra-violet absorption of aminobenzene- 
sulphonamides (Kummler and Strait, J. Amer. Chem. Soc., 1943, 65, 2344). The absorption 
* Part II, precedingipaper. 
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curve of m-aminobenzenesulphonamide resembles that of aniline in neutral and of benzene- 
sulphonamide in acid solution, since the quaternary ammonium group does not affect the 
light absorption of benzene. Acid solutions of sulphanilamide (IV) are similar to the 
meta-compound, but in neutral or alkaline solution the intensity of absorption is much 
greater than for aniline or m-aminobenzenesulphonamide and is ascribed to the presence of 
the quinonoid structure (V) : 


(Iv) cl- NH, < S—SO,'NH, *NH;=<_ >=S0,'NH, (Vv) 


Kummler and Halverstadt (J. Amer. Chem. Soc., 1941, 63, 2182) furthermore found that 
the dipole moments of sulphanilamide and of 4’-aminodiphenyl-4-sulphonamide were 
greater by 0-81 and 0-69 unit, respectively, than those calculated for compounds without a 
separation of charges. 

The relatively small tendency of bicovalent oxygen to share its non-bonding electrons 
makes it appear that, on the whole, sulphonic esters should not differ greatly from the 
corresponding sulphones in their tendency to form x-bonds (a). On the other hand the 
sulphonate ion (b) and the sulphonamides (c) may raise the energy necessary for the 

(a) H-4C+SO,—OR;; (b) n4c¥so0,“0-; (c) cso, Sir, 
separation of the proton, and consequently some diminution in the ease of tautomeric inter- 
change compared with that of the corresponding sulphones could be expected. Very little 
work has been done on this aspect. Suter and Bordwell (tbid., 1943, 65, 507) sulphonated a 
solution of methallyl chloride in dioxan with sulphur trioxide, obtaining a mixture of 
2-chloromethylprop-2-ene-, 2-chloromethylprop-l-ene-, and 3-chloro-2-methylprop-2-ene- 
sulphonic acid, the last of which could have been obtained by a prototropic change. 

In order to minimise the experimental difficulties it was decided to work with the 
amides rather than with the free sulphonic acids, but even so it was impossible to 
synthesise by unambiguous methods pairs of unsymmetrically substituted compounds 
such as propene- and butene-l : 3-disulphonamides NR,*SO,°CH:CH’CH,°SO,"NR’, and 
NR,*SO,"CMe:CH-CH,°SO,°NR,’. Thus neither 3-chloroprop-l-ene-1- nor 4-chlorobut-2- 
ene-2-sulphonamide could be prepared whilst the corresponding 2- and 3-enyl compounds 
(VI and VII) resisted further reaction with alkali sulphite; the inactivity of the vinyl 
halogen atom could not in these cases be overcome (compare Part II). 

(VI) CHCI:CH-CH,;SO,-NEt, CHCI:CH-CHMe:SO,NEt, (VII) 

The isomerisation of 1-benzylsulphony]-3-bromoprop-l-ene to the 3-bromoprop-2-ene 
by alkali is irreversible (Culvenor, Davies, and Savige, J., 1949, 2198) and it was not there- 
fore to be expected that the sulphonamide (VI) would be very different. No isomerisation 
occurred with either bases or sodium alkoxide. In other respects the sulphonamides 
differed from the sulphone. Culvenor e¢ al. noted that 1-benzylsulphonyl-3-bromoprop-2- 
ene afforded 1-benzylsulphonyl-3-bromo-2-ethoxypropane when dissolved in cold ethanolic 
alkali; the chloro-derivative reacts similarly and yields a 1-benzylsulphonyl-2-methoxy- 
propene when it is boiled with three mols. of sodium methoxide (Rothstein, unpublished 
work). The sulphonamide, on the contrary, scarcely reacts with the reagent in the cold : 
when the solution is heated, the amide eliminates hydrogen chloride and forms an ethoxy- 
propenesulphonamide which yields acetaldehyde on ozonolysis and there is no sign of an 
addition product in this case. A slight trace of formaldehyde was noticed, but neither 
NN-diethylsulphamylacetaldehyde nor the corresponding acid could be isolated. Since 
acetaldehyde could result from the ethoxy-group, either (VIII) or (IX) could represent the 
structure of the ethoxy-derivative. The formation of (VIII) would be analogous to the 
formation of 1-ethoxyallyltrimethylammonium salts from 3-chloroallyltrimethylammonium 
chloride (Ingold and Rothstein, J., 1929, 8) but up to the present it has not been possible to 
synthesise (VIII) and (IX) for direct comparison. 

(VIII) Me-CH:C(OEt):SO,-NEt, CH,{C(OEt)-CH,SO,'NEt, (IX) 

Although direct evidence for interconversion of isomerides was thus not available, that 

it did occur was a logical inference from the reactions described below. The presence of 
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“active ’’ hydrogen in NNN’‘N’-tetraethylpropene-1 : 3-disulphonamide (X) was shown 
both by its alkylation to the but-2-ene (XI) and the 4-methylpent-2-ene (XII), and also by 
a Zerewitinov determination with methylmagnesium iodide. The structures of (X), (XI), 
and (XII) were ascertained by ozonolysis. 

Et,N:SO,*CH:CH-CH,’SO,-NEt, —-» Et,N-SO,*CH!CH-CHMe:SO,'NEt, Et,N:SO,"CMe,*CHO 


| (X) | (XIa) (XIV) 
O, 0; 
0 


Et,N-SO,*CH,*CHO «—— Et,N-SO,*CH,CH:CMe'SO,"NEt, ——» Et,N-SO,*CMe,*CH:CMe-SO,‘NEt, 
(XIII) (XI) (XII) 


The monomethyl derivative (XI) was prepared independently by the reactions : 
R-CHCI-CH(OH)-CH,Cl ——» KSO,*CHR:CH(OH)-CH,:SO,K —> 
Cl-SO,*CHR:CHCI-CH,°SO,Cl —— (X; 1.e., R = H) or (XI; 1.e., R = Me) 
The stability of (XI), compared with that of its isomeride (XIa), arises from the well- 
known effect of an alkyl group on the position of a double bond in a tautomeric substance. 
It depends on the quasi-conjugative effect associated with structural combinations such as 


H~CH,*-CH== H- (cf. J. W. Baker, “‘ Hyperconjugation,” Oxford, 1952). The sulphon- 
amide (XI) was unaffected by alkali or ultra-violet light, although, as the quantity of 
material available was very small, minute amounts of the isomeride might have escaped 
detection. As a possible route to (XIa) we envisaged dehydrohalogenation of 3-bromo-2- 
chlorobutane-l-sulphonamide, Me-CHBr-CHCI-CH,°SO,°"NRg, followed by reaction with 
sodium sulphite, analogously to the elimination of hydrogen bromide from 1-benzy]l- 
sulphonyl-2 : 3-dibromopropane to give 1-benzylsulphonyl-3-bromoprop-l-ene (Rothstein, 
loc. cit.). It was not possible however to prepare the bromochloro-derivative because the 
reaction of phosphorus pentachloride with sodium 3-bromo-2-hydroxybutane-1-sulphonate 
(XV) yielded the sultone (XVI) : 


(XV) Me-CHBr-CH(OH)-CH,:SO,Na —» Me-CHBr-CH-CH,SO, (XVI) 


Unlike the bisalkylsulphonylpropenes, the disulphonamides did not condense with 
benzaldehyde. Propene-1 : 3-disulphonamide did indeed afford the di-N-benzylidene 
derivative, but this was a reaction of the amide-group as was shown by the non-reactivity 
of the NNN’‘N’-tetraethyl compound (X). Nevertheless carbon tetrachloride solutions 
of NN’-diethyl- and NNN’'N’-tetraethyl-propene-1 : 3-disulphonamide, the methylated 
derivative (XI) of the latter, and also the dimethylated compound evolved hydrogen when 
shaken with “ molecular” potassium.. Both (X) and (XI) liberated methane when shaken 
with methylmagnesium iodide. A quantitative determination (Braude and Stern, /., 
1946, 404) showed that rather more than one mol. of methane was evolved in the case of the 
butene derivative, and more than two mols. by the first compound (X); the third available 
hydrogen atom appeared to be inactive towards this reagent. 


EXPERIMENTAL 

Salts of 2-Hydroxypropane-1 : 3-disulphonic Acid.—An aqueous solution of potassium 
hydroxide (78-2 g.) was saturated with sulphur dioxide, an equal quantity of potassium 
hydroxide was added, and the liquid evaporated in an atmosphere of nitrogen to crystallisation 
point. 1:3-Dichlorohydrin (90 g.) was added and the mixture boiled under reflux until 
homogeneous. The cooled solution deposited potassium 2-hydroxypropane-]! : 3-disulphonate, 
crystallising with two molecules of water. It was recrystallised from water until free from 
inorganic salts. The variable yield (17—56%) was due partly to differences in purity of the 
starting material and partly to the large number of recrystallisations necessary for the final 
purification (Found: C, 10-8; H, 2-8; H,O, 10-5, 11-6. Calc. for C;H,0;S,K,,2H,O: C, 10-8; 
H, 3-0; H,O, 10-99%). The anhydrous salt was formed at 125° in a vacuum (Found: C, 11-8; 
H, 2-5; S, 21-3. C,H,O,S,K, requires C, 12-2; H, 2-0; S, 21-6%). 

Addition of barium chloride (50 g. in 100 c.c. of water) to the potassium salt (63 g. in 150 c.c. 
of water) precipitated the barium salt which was washed free from chloride ions, and the barium 
was precipitated from its aqueous (2 1.) solution by addition of sulphuric acid. Excess of lead 
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carbonate was added to the filtered solution, the insoluble material removed, and the lead 
precipitated by hydrogen sulphide. Filtration and concentration in a vacuum (100°/18 mm.) 
yielded an oil which was inert to phosphorus oxychloride even at the b. p. Addition of pyridine 
precipitated the extremely deliquescent pyridine salt with evolution of heat. It crystallised 
from nitromethane, and, after being washed with ethanol at 0°, was stored in a vacuum- 
desiccator (exposure to air caused immediate liquefaction) (Found: C, 41-0; H, 4-7; N, 7-4. 
C,3H,,0,N,S, requires C, 41-3; H, 4:8; N, 7-4%). Boiling the acid or its potassium or 
pyridinium salt with thionyl chloride or phosphorus oxychloride did not afford a recognisable 
product. 

2-Chloropropane-1 : 3-disulphonyl Dichloride——The hydrated potassium salt (164 g.) was 
heated for 3 hr. at 130° yielding the anhydrous compound (146 g.); this was suspended in dry 
chloroform (300 c.c.) and boiled for 3 hr. under reflux with phosphorus pentachloride (339 g., 
10% excess). The liquid was filtered and the residues were washed with chloroform (500 c.c.), 
the latter being added to the original filtrate. After removal of the solvent at 30° under reduced 
pressure, phosphorus oxychloride was removed on a water-bath. The disulphonyl dichloride 
(102 g.) was redissolved in chloroform, washed with water, and dried (CaCl,). The compound 
(crude yield, 99 g.) was redistilled three times (considerable loss by decomposition); it had 
b. p. 148°/0-4 mm. (yield, 35 g., 26%) (Found: C, 13-7; H, 1-8; Cl, 38-3; S, 23-0. C,H,O,CI,S, 
requires C, 13-1; H, 1-8; Cl, 38-7; S, 23-2%). 

An ethereal solution of the dichloride (10 g.) was saturated by a slow stream of dry ammonia. 
The precipitated propene-1 : 3-disulphonamide was washed with ether and water and, recrystal- 
lised from the latter, had m. p. 156° (yield, 4 g., 55%) (Found: C, 18-0; H, 4:2; N, 13-8; S, 
32:0. C,H,O,N,S, requires C, 18-0; H, 4:0; N, 14:0; S, 32-0%). It was very soluble in 
water in the presence of inorganic ions. 

Hydrolysis of Propene-1 : 3-disulphonamide.—This compound (9 g.) was heated at 120—150° 
for 7 hr. with concentrated hydrochloric acid (22-5 g.) (sealed tube). Ammonium chloride was 
filtered from the product and the filtrate which contained sulphate ion evaporated to complete 
dryness at 60° ina vacuum. The residual amber-coloured oil was redissolved in water (10 c.c.) 
and neutralised by the addition of excess of barium carbonate. The solution of the barium salt 
was quickly cooled in carbon dioxide—acetone, and the temperature allowed to rise gradually. 
The barium 1 : 3-propenedisulphonate remained undissolved and was recrystallised several times 
from dilute alcohol. It contained variable amounts of water of crystallisation: one sample 
was dried for 3 days at room temperature in a vacuum-desiccator (Found: C, 10-9; H, 1-8; S, 
16-4; Ba, 37-2. C,H,O,S,Ba,2H,O requires C, 9-6; H, 2-2; S, 17-2; Ba, 36-8%). 

Reduction of the Disulphonamide.—The diamide (1 g.), dissolved in water (100 c.c.), was 
reduced with hydrogen in the presence of platinic oxide (0-25 g.). Nearly the theoretical 
volume of gas was absorbed in 24 hr. The evaporated solution was extracted with glacial 
acetic acid (30 c.c.), the platinum filtered off, and the solvent distilled from the filtrate. 
Propane-1 : 3-disulphonamide was obtained, which was identical (m. p. and mixed m. p.) with 
the amide prepared from propane-] : 3-disulphonyl dichloride (Cohen and Clutterbuck, /J,, 
1922, 121, 120) (Found: C, 17-9; H, 4:9; N, 13-3; S, 31-4. Cale. for C;H,,0O,N,S,: C, 17-8; 
H, 5-0; N, 13-9; S, 31-7%). 

Addition of ethereal diethylamine (10 c.c.) to a solution of the disulphony] dichloride (5 g.) 
in this solvent yielded NNN’N’-tetraethylpropane-1 : 3-disuiphonamide which separated from 
ethanol in prisms, m. p. 40—42° (1-5 g.) (Found: C, 42:0; H, 84; N, 8-8; S, 20-0. 
C,,H,,0,N,S, requires C, 42-0; H, 8-3; N, 8-9; S, 20-4%). 

Attempted Alkylation of Propene-1 : 3-disulphonamide.—Various methods for methylating 
the sulphonamide employing sodium ethoxide and potassium ¢ert.-butoxide were unsuccessful, 
the original material being recovered. Potassium hydroxide (2 equivs.) in one experiment 
afforded a homogeneous solid which appeared to be the dipotassium derivative (Found: C, 
13-1; H, 2-7. C,;H,O,N,S,K, requires C, 13-0; H, 2-2%) but when it was boiled with excess of 
methyl iodide only a small quantity of unchanged amide was obtained. 

Fission of Propene-| : 3-disulphonamide by Ozone.—Ozonised oxygen was passed through a 
solution of the disulphonamide (1 g.) in water (100 c.c.) for 36 hr. Concentration of the liquid 
precipitated some unchanged amide (0-3 g.), the filtrate yielding sulphamoylacetaldehyde 2: 4- 
dinitrophenylhydrazone, m. p. 198—199° (0-5 g.), crystallising from water (Found: C, 32-0; H, 
3-1; N, 23-0; S, 10-5. CgH,O,N;S requires C, 31-7; H, 3-0; N, 23-1; S, 166%). 

Condensation of Propene-1 : 3-disulphonamide with Benzaldehyde.—Excess of freshly distilled 
benzaldehyde was mixed with the disulphonamide and a drop of piperidine added. The mixture 
was heated for 10 min., then extracted with ether, and the insoluble portion stirred with ethanol 
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until it crystallised. Recrystallisation from aqueous acetone furnished the NN’-dibenzylidene 
derivative, m. p. 220—222° (decomp.) (Found: C, 54:2; H, 39; N, 7:4; S, 17-1. 
C,7H,,0,N,S, requires C, 54-3; H, 4:3; N, 7-5; S, 17-0%). When the mixture was heated for 
24 hr., the semi-solid product yielded a stiff syrup after extraction with ether. The substance 
slowly separated from ethanol as a granular powder, m. p. 196°; there appeared to be six 
benzylidene molecules to one of the disulphonamide (Found: C, 74:0; H, 5:3; N, 3-9; S, 84. 
Cy5HgoO,N.S, requires C, 73-4; H, 5-4; N, 3-8; S, 8-7%). 

Preparation and Reactions of N-Alkylated Propene-1 : 3-sulphonamides.—NN’-Diethyl- 
propene-| : 3-disulphonamide was prepared by aspirating dry ethylamine through a cooled ethereal 
solution of 2-chloropropane-1 : 3-disulphony] dichloride (1-5 g.) and, after filtration, evaporating 
the filtrate. The residual syrup (1 g.) rapidly crystallised and the compound, recrystallised from 
ethanol, had m. p. 68° (yield, 0-3 g.) (Found: C, 32-6; H, 6-3; N, 11-0; S, 25-3. C,H,,0,N,S, 
requires C, 32-8; H, 6-3; N, 10-9; S, 25-0%). It was soluble in ethanol, but insoluble in water, 
and decolorised potassium permanganate in acetone. 

To the chlorodisulphonyl dichloride (10 g.) in dry ether (200 c.c.), cooled in ice, ethereal 
diethylamine (20-8 c.c. in 200 c.c.) was slowly added. The insoluble matter was removed and 
the filtrate evaporated. The residue was redissolved in ether, and the solution washed 
successively with dilute hydrochloric acid and water until the washings were free from chloride 
ions, and dried (Na,SO,). The liquid was concentrated and cooled in carbon dioxide—acetone. 
The small amount of colour still present in the precipitated crystals of NNN’N’-tetraethylpropene- 
1 ; 3-disulphonamide was washed away with a little ice-cold ether, and the product recrystallised 
from ether either alone or in admixture with ethanol. It had m. p. 57—58° (Found: C, 42-6; 
H, 7-4; N, 9-2; S, 203%; M,336. C,,H,,0O,N,S, requires C, 42-3; H, 7-7; N,9-0; S, 20-5%; 
M, 312). It did not condense with benzaldehyde, and was insoluble in water but soluble in 
most organic solvents. Potassium permanganate in aqueous acetone was slowly decolorised 
by it. The sulphonamide was recovered unchanged from its solution in ethereal diazomethane. 

Reactions of NNN’N’-Tetraethylpropene-1 : 3-disulphonamide.—Fission by ozone. This was 
carried out in chloroform solution, cooled in ice, for 12 hr. The ozonide was decomposed by 
shaking it with water for 15 min. and then heating it under reflux for a further short period. 
An unidentified carbonyl compound, yielding a 2 : 4-dinitrophenylhydrazone, m. p. 148—150°, 
was evolved and a second similar derivative was isolated after the aqueous liquid had been 
steam-distilled, having m. p. 125—127° (from ethanol) (Found: C, 41-9; H, 4-1; N, 22-0%). 
The residue in the flask furnished NN-diethylsulphamoylacetaldehyde 2 : 4-dinitrophenylhydrazone, 
m. p. 168—170° (from ethanol) (Found: C, 40-3; H, 5-0; N, 19-2. C,,H,,O,N;S requires 
C, 40-1; H, 4:8; N, 195%). Sulphate ion and diethylamine were present in the mother- 
liquors. 

Trimethylation. A solution of the tetraethyldisulphonamide (4 g.) in ¢ert.-butanol (48 c.c.) 
was warmed to just above the m. p. of the solvent and mixed with a solution of potassium 
(2 g.) also in the alcohol (50 c.c.). Methyl iodide (7-3 g.) was added, the mixture shaken at room 
temperature for 16 hr., the liquid centrifuged, and the remaining potassium iodide washed out 
with a little water. Removal of the volatile products from the dried (K,CO,) solution afforded 
an oil which quickly crystallised. Recrystallisation from ether yielded NNN’N’-letraethyl-4- 
methylpent-2-ene-2 : 4-disulphonamide, m. p. 47—48° (4-4 g., 97-8%) (Found: C, 47-6; H, 8-5; 
N, 7:5; S, 17-6%; M, 285. C,,H3,0,N,S, requires C, 47-4; H, 8-6; N, 7-9; S,18-1%; M, 354). 

The trimethylated derivative was ozonised in chloroform solution and the ozonide decom- 
posed by boiling water. The quantity of aldehyde evolved during the decomposition was too 
small to be identified. There was a residual low-melting solid and after addition of water 
(100 c.c.) it was steam-distilled and the «-NN-diethylsulphamoylisobutyraldehyde 2: 4-dinitro- 
phenylhydrazone recrystallised from ethanol (ice-cooling necessary); this had m. p. 168—170° 
(yield, 0-34 g.) (Found: C, 43-6; H, 5-6; N, 18-4; S, 8-1. C,,H,,O,N;S requires C, 43-6; H, 
5-4; N, 18-1; S, 83%). 

Mono- and di-alkylation in tert.-butanol solution. All the products, with one exception, in 
this group of reactions were oils which however gave good analyses. The results of some of the 
experiments suggest that dealkylation followed by dimerisation or realkylation occurs in fert.- 
butoxide solution. 

Potassium #ert.-butoxide solution (28-7 c.c.; 3-5% w/v) was slowly added to a solution of the 
bisdiethylsulphonamide (8 g.) in the same solvent (35 c.c.) and shaken for 5 min. Methyl 
iodide (15 c.c.) was added and shaking continued for a further 2 hr., after which the volatile 
constituents were distilled off at 60° in a vacuum. Water was added to the residue and the 
NNN'N’-tetraethylbut-2-ene-1 : 3-disulphonamide extracted with ether. The ethereal extract 
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was washed free from potassium iodide, the ether distilled, and the residue dried at 100°/20 mm. 
The yield of non-crystallisable syrup was 7-9 g. (95%) (Found: C, 44:2; H, 8-4; N, 84; S, 
19-5%; M, 309. C,,H,,O,N,S, requires C, 44-2; H, 8-0; N, 86; S, 197%; M, 326). 

This amide was ozonised in chloroform at 0°. A small quantity of unidentified aldehyde 
(2 : 4-dinitrophenylhydrazone, crystallised from ethanol, m. p. 156—157°) was obtained together 
with diethylsulphamoylacetaldehyde, identified through its dinitrophenylhydrazone (m. p. and 
mixed m. p.) (Found: C, 40-1; H, 4:8%). 

Methylation of the butenedisulphonamide. ‘The oil (1 g.) was mixed with ¢ert.-butanol (10 c.c.) 
and methyl iodide (excess), and potassium /ert.-butoxide solution (3 c.c. of 4%) added. The 
first drop of the latter produced a red colour which later disappeared. The mixture was shaken 
for 14 hr. and the product isolated in the usual way. Addition of ethanol to the residual syrup 
cooled in ice precipitated colourless crystals, having m. p. 140—141° after recrystallisation from 
ethanol containing a trace of water (yield, 0-18 g.). The structure could not be ascertained but 
the analytical figures corresponded to a monomethylated dimeride of the original disulphon- 
amide (Found: C, 43-5; H, 7-9; N, 8-5; S, 19-7. C,,;H5;,O,N,S, requires C, 43-2; H, 7-9; N, 
8-8; S, 20-1%). This substance was always isolated when the butenedisulphonamide was 
further alkylated. The main product from this reaction was probably a NNN‘N’-tetraethyl- 
pentenedisulphonamide, but it did not crystallise (Found: C, 45-6; H, 8-0; N, 7:2%; M, 355. 
C,3H,,0,N,S, requires C, 45-9; H, 8-3; N, 80%; M, 340). 

Reaction of the butenedisulphonamide with ethyl iodide. The butenedisulphonamide (7-5 g.) 
was shaken with potassium ¢ert.-butoxide solution (26 c.c. of 3-5% solution) and ethyl iodide 
(8c.c.). The product yielded a small quantity of the substance, m. p. 140—141°, together with 
an apparently diethylated derivative, possibly a NNN’‘N’-tetraethylheptenedisulphonamide, 
b. p. 205°/0-1 mm. (some decomp.). It did not crystallise (Found: C, 48-9; H, 8-7; N, 7-7; 
S, 17-3. C,5H3,0,N,S, requires C, 48-9; H, 8:7; N, 7-6; S, 17-4%). 

Preparation of a crystalline monomethylated derivative from tetraethylpropenedisulphonamide. 
Sodium ethoxide (13-4 c.c. of 0-25% w/v solution in ethanol) was added to a solution of the 
disulphonamide (0-5 g.) in dry ether (350 c.c.). The white gelatinous precipitate of the sodio- 
derivative was centrifuged and dried in a desiccator (Found: C, 38-8; H, 7:2; N, 7-7; S, 18-9; 
Na, 7:1. C,,H,30,N,S,Na requires C, 39-5; H, 6-9; N, 8-4; S, 19-2; Na, 69%). The sodio- 
derivative (0-6 g.) was boiled under reflux with excess of methyl iodide for 30 min., and the 
ethereal solution of the product washed with water until free from iodide ion and dried (Na,SQ,). 
After distillation of the ether, the residue was cooled in ice, yielding a form of NNN‘’N’-tetra- 
ethylbut-2-ene-1 : 3-disulphonamide, m. p. 55° (0-2 g.) (Found: C, 44-0; H, 8-0; N, 8-4; S, 20-1. 
C,,.H.,0O,N,S, requires C, 44:2; H, 8-0; N, 8-6; S, 19-7%). It was identical (mixed m. p.) with 
the butenedisulphonamide described below and depressed the m. p. of the starting material. 
There was a residual oil which afforded similar analytical figures and crystallised during several 
months (Found: C, 44-4; H, 8-1; N, 8-4; S, 19-6%). 

Independent Synthesis of Butenedisulphonic Acid Derivatives.—Preparation of 1 : 3-dibromo- 
and 1: 3-dichloro-butan-2-ol. But-2-enyl alcohol was obtained from crotonaldehyde by 
reduction with aluminium isopropoxide (Young, Hartung, and Crossley, J. Amer. Chem. Soc., 
1936, 58, 100). Addition of the appropriate halogen yielded the 2: 3-dihalogenobutan-2-ol 
which with aqueous potash afforded 3-halogeno-1 : 2-epoxybutane and thence by addition of 
halogen halide the dihalogenobutanol (Petrov, J]. Gen. Chem., U.S.S.R., 1941, 11, 712). The 
physical properties of the compounds at each stage of the synthesis agree with the published 
figures and the intermediates gave correct analyses. 

Condensation with potassium sulphite. Reasonable yields starting from the dibromobutanol 
were unobtainable owing to the difficulty of separating the potassium disulphonate from the 
potassium bromide formed. 

A solution of potassium hydroxide (7-9 g.) in water (100 c.c.) was saturated with sulphur 
dioxide, and an equal amount of potassium hydroxide added, followed by 1 : 3-dichlorobutan- 
2-ol (20 g.). The mixture was boiled under reflux for 6 hr., then cooled; the excess of organic 
material was extracted with ether, and the liquid filtered from the inorganic salts which had 
crystallised. Addition of ethanol to the filtrate precipitated potassium 2-hydroxybutane-1 : 3- 
disulphonate which was purified by repeated precipitation from its aqueous solution until 
completely free from inorganic salts (yield, 2-2 g., 7-5%) (Found: C, 15-3; H, 2-3; S, 19-9. 
C,H,O0,S,K, requires C, 15-5; H, 2-6; S, 20-6%). 

Condensation with ammonium sulphite. The dibromo-alcohol (212 g.) was boiled for 5 hr. 
under reflux and vigorous stirring with 4 equivs. (970 g.) of ammonium sulphite monohydrate, 
and water (300 c.c.). After dilution to 3 1., barium hydroxide (2-2 kg. of the octahydrate) was 
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added and the liquid boiled until free from ammonia, the volume of the solution being 
maintained by further addition of water. Undissolved material was removed by filtration, the 
precipitate was washed by water, and the washings were added to the filtrate. The combined 
solutions were saturated with carbon dioxide, the precipitated barium carbonate was filtered 
off, and the filtrate shaken with silver oxide (from 680 g. of silver nitrate). After removal of the 
silver halide, the barium hydroxide was precipitated as the carbonate by passage of carbon 
dioxide through the solution, and the filtrate reduced to a small bulk by evaporation. Addition 
of ethanol precipitated the barium salt which was recrystallised from water (yield, 243 g.) 
(Found: C, 12-8; H, 2-6; S, 16-4; Ba, 35-5; H,O, 4:3. C,H,O,S,Ba,H,O requires C, 12-4; 
H, 2:6; S, 16-6; Ba, 35-5; H,O, 4:6%). 

The sodium salt, prepared from an aqueous solution of the barium salt (200 g.) and sodium 
carbonate, was washed with alcohol and ether (yield, 123 g.) and recrystallised from aqueous 
ethanol (Found: C, 17-2; H, 3-2; S, 22:7. C,H,O,S,Na, requires C, 17-3; H, 2-9; S, 23-1%). 
It reacted neither with thionyl chloride nor with phosphorus trichloride. 

Preparation of the sulphonyl chloride. A suspension of the above sodium salt (50 g.) in dry 
chloroform (100 c.c.) was boiled under reflux for 2 hr. with phosphorus pentachloride (96 g.). 
The crude product (42 g.) had b. p. 150—170°/2 mm. (much decomp. and evolution of sulphur 
dioxide and hydrogen chloride). Redistillation afforded but-2-ene-1 : 3-disulphonyl dichloride, 
b. p. 184—140°/1 mm. (decomp.) (yield, 12-5 g.), evidently containing a trace of 2-chlorobutane- 
1 : 3-disulphonyl chloride (Found: C, 19-0; H, 2-9; Cl, 29-4; S, 25-3. C,H,,0,Cl,S, requires 
C, 19:0; H, 2-4; Cl, 281; S, 253%). 

Reaction of the sulphonyl chloride with ammonia. An ethereal solution of the disulphonyl 
chloride (15 g.) was saturated with dry ammonia, and the precipitate filtered off, washed with 
ether, and digested with dry boiling acetone (150 c.c.) for 2 hr. Removal of the insoluble 
portion and evaporation of the solvent afforded an oil (8 g.) which was rubbed with ether and 
then water. But-2-ene-1 : 3-disulphonamide (2:3 g.) was gradually deposited, having m. p. 144— 
145° (Found: C, 22-6; H, 4-7; N, 12:8; S, 29-4. C,H,,0,N,S, requires C, 22-2; H, 4-7; N, 
13-1; S, 29-9%). After removal of the amide, the residual syrup was washed with acetone and 
dried ina vacuum. A highly deliquescent crystalline substance was obtained which could not be 
identified (Found: C, 37-4; H, 6-8; N, 9-1%). 

Reaction of the sulphonyl chloride with diethylamine. Ethereal solutions of the pure sulphonyl 
chloride (8 g.) and diethylamine (18 c.c.) were carefully mixed, the insoluble material was 
filtered off, and the filtrate washed with water and dried (CaCl,). Removal of the solvent 
yielded NNN’N’-tetraethylbut-2-enedisulphonamide, m. p. 55° (2-5 g.) (Found: C, 44-1; H, 
8-0; N, 8-6; S, 196%). A rather smaller yield of the substance was obtained when starting 
with the crude sulphonyl chloride. 

A pure chloroform solution of this substance (2-78 g.) was ozonised at 0° for 56 hr., diethyl- 
amine sulphate being deposited. The ozonide and other products were shaken with water for 
36 hr. and then mixed with a slight excess of sodium carbonate. Extraction with ether afforded 
a very small amount of the unchanged amide; the aqueous layer was slightly acidified with 
dilute hydrochloric acid, a trace of acetic acid removed by extraction of the liquid again with 
ether, and the 2: 4-dinitrophenylhydrazone of diethylsulphamoy] acetaldehyde prepared in the 
usual way. It was identical (m. p. and mixed m. p.) with that previously isolated (Found: C, 
40-2; H, 4-4; N, 196%). The mother-liquors from the hydrazone were concentrated to about 
250 c.c and all the sulphate was precipitated as the barium salt. The weight of the latter 
(1-9844 g.) was nearly equivalent to the sulphate (1-9900 g.) from one sulphamoy] group. 

Reaction of the bisdiethylsulphamoylbutene with potassium f¢ert.-butoxide, ethanolic 
sodium hydroxide, or diazomethane yielded either unchanged material or non-crystalline 
products. Methylation with ¢ert.-butoxide and methyl iodide again yielded a non-crystalline 
syrup which appeared to contain trimethylated amides (Found: C, 46-2, 47-2; H, 8-7, 7-9; N, 
8-1,— ; S, 18-5, 16-6. Calc. for C,,H3,0,N,S, : C, 47-4; H, 8-6; N, 7-9; S,18-1%). Catalytic 
hydrogenation was completely unsuccessful, at 75°/80 atm. It was not possible to prepare the 
reduction product, NNN’N’-tetraethylbutane-1 : 3-sulphonamide from 1 : 3-dibromobutane 
(Farquer and Perkin, J., 1914, 105, 1356) since, when the latter (30 g.) was boiled under reflux 
with a solution of hydrated sodium sulphite (75 g.) in water (20 c.c.), sodium 3-bromobutane- 
sulphonate (49 g.) was obtained. This was shown by its conversion into the sulphony] chloride, 
b. p. 110—130°/0-1 mm., and thence (in ether) into 3-bromo-NN-diethylbutanesulphonamide, 
b. p. 125°/0-5 mm. (somewhat impure) (C, 36-2; H, 6-9; N, 4:9; Br, 28-8; S, 11-2. Calc. for 
C,H,,0,NBrS: C, 35-3; H, 6-7; N, 5-1; Br, 29-4; S,11-8%). Since the second bromine atom 
would not react further purification was not attempted. 
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Derivatives of Monosulphonic Acids.—Reaction of 1.: 3-dichlorobut-2-ene with potassium 
sulphite. A saturated solution of potassium sulphite, prepared as before from potassium 
hydroxide (2 x 36 g.) and sulphur dioxide, was boiled for 2 hr. under reflux with the dichloro- 
butene (20 g.). Cooling the liquid to room temperature afforded potassium 3-chlorobut-2- 
ene-1-sulphonate which was recrystallised from 80% ethanol (Found: C, 22-6; H, 3-2; Cl, 
16-9; S, 15:2. C,H,O,CISK requires C, 23-0; H, 2-9; Cl, 17-0; S, 15-4%). The sodium salt 
was similarly obtained by using sodium sulphite (Found: C, 25-1; H, 3-7; Cl, 18-1; S, 16-2. 
C,H,O,ClSNa requires C, 24:9; H, 3-1; Cl, 18-4; S, 16-6%). 

3-Chlorobut-2-ene-1-sulphonyl chloride, b. p. 64—66°/0-5 mm., was prepared from the 
finely ground sodium salt (9 g.; dried at 100°) and phosphorus pentachloride (9-7 g.) (yield, 2 g.). 
Reaction with ammonia furnished 3-chlorobut-2-ene-1-sulphonamide, m. p. 76—78° (from 
ethanol) (Found: C, 28-6; H, 4:7; N, 8-3; Cl, 20-3; S, 18-8. C,H,O,NCIS requires C, 28-3; 
H, 4:8; N, 8:3; Cl, 20-9; S, 18-9%). The compound was unchanged by being boiled with 
potassium fert.-butoxide. No recognisable product was obtained when it was heated for 2 hr. 
with concentrated sodium sulphite solution at 130°. 

The analogous reaction of 1 : 3-dichlorobut-l-ene with potassium sulphite yielded 4-chloro- 
but-3-en-2-ol, b. p. 108°/536 mm. (41%) (Found: C, 45-5; H, 6-6; Cl, 32-6. C,H,OCI requires 
C, 45-1; H, 6-6; Cl, 33-3%). 

Addition of sodium hydrogen sulphite to 1-bromo-2 : 3-epoxybutane. A mixture of the epoxy- 
derivative (15-8 g.), sodium hydrogen sulphite (11 g.) and water (22 c.c.) was shaken for 24 hr. 
Sodium 3-bromo-2-hydroxybutane-1-sulphonate separated with 4H,O and was recrystallised from 
moist acetone (Found: C, 18-2; H, 3-7; Br, 30:3; S, 12:0; Na, 8-7; H,O, 3-4. 
C,H,O,BrSNa,}H,0 requires C, 18-2; H, 3-4; Br, 30-2; S, 12-1; Na, 8-7; H,O, 3-4%). 

An intimate mixture of the anhydrous salt (7-2 g., prepared by heating the hydrated 
compound at 100° for 30 min.) and phosphorus pentachloride (14 g.) was heated at 100° for 
15 min., chloroform added to the product, and the warm liquid filtered and then filtered again 
from the excess of phosphorus chloride which separated after cooling. Distillation of the 
volatile products afforded a residue of the sultone, m. p. 110° (0-5 g.), of the starting sulphonic 
acid. It was recrystallised from carbon tetrachloride (Found: C, 22:5; H, 3-5; Br, 36-6; 5S, 
14:8. C,H,O,BrS requires C, 22-3; H, 3:3; Br, 37:2; S, 14-9%). 

Experiments with 3-Chloroprop-2-ene-1-sulphonic Acid Derivatives.—-A vigorously stirred 
* mixture of 3-chloroallyl chloride (100 g.), crystalline sodium sulphite (227 g.), and water (90 c.c.) 
was boiled for 3 hr. under reflux. After cooling and filtration from deposited salts, the mother- 
liquor was evaporated to dryness. The combined solids were extracted with boiling 95% 
ethanol. Cooling the filtered alcoholic solution afforded sodium 3-chloroprop-2-enesulphonate 
monohydrate which was recrystallised from dilute ethanol (yield, 129g.) (Found: C, 18-5; H, 
3:3; Cl, 18-2; S, 16-2; Na, 11-7. C,H,O,CISNa,H,O requires C, 18-3; H, 3-1; Cl, 18-1; S, 
16-3; Na, 11-7%). Conversion into the sulphonyl chloride was accomplished by mixing the 
dried (100°) sodium salt (10 g.) with phosphorus pentachloride (15-6 g.). When the spontaneous 
reaction had subsided chloroform (20 c.c.) was added and the mixture boiled for 30 min. The 
product had b. p. 66—68°/0-5 mm. (slight decomp.) (yield, 5-5 g., 56%) (Found: C, 20-6; H, 
2-8; Cl, 40-5; S, 18-3. Cj3H,O,Ci,S requires C, 20-6; H, 2-3; Cl, 40-5; S, 18-3%). The amide, 
m. p. 83° (yield, 61%), was prepared from the sulphonyl chloride in the usual way and recrystal- 
lised from ethanol (Found: C, 23:6; H, 4:1; N, 9-0; Cl, 22-8; 5S, 20-7%; M, 160. 
C;H,O,NCIS requires C, 23-1; H, 3-9; N, 9-0; Cl, 22-8; S, 20-6%; M, 155-5). Addition of 
sodium ethoxide to an ethereal solution of the amide precipitated the N-sodio-derivative from 
which the amide was recovered unchanged when acid was added. 

3-Chloro-NN-diethylprop-2-ene-1-sulphonamide was prepared by mixing ethereal solutions of 
the sulphonyl chloride (7 g.) and diethylamine (8-3 c.c.). There appeared to be two isomeric 
products : (i) (3-05 g.), b. p. 94—98°/0-1 mm., n?? 1-483, d* 1-200 (Found: C, 39-3; H, 6-5; N, 
6-8; Cl, 16-8; S, 15-3. C,H,,O,NCIS requires C, 39-7; H, 6-7; N, 6-6 Cl, 16-8; S, 15-2%), 
and (ii) (1-1 g.), b. p. 102—103°/0-1 mm., nj? 1-487, d* 1-200 (Found: C, 39-6; H, 6-7; N, 6-9; 
Cl, 17-0; S, 153%). Both these compounds decolorised dilute permanganate solution 
moderately rapidly and bromine water rather more slowly. Condensation with sodium sulphite 
could not be effected. Fission by ozone yielded NN-diethylsulphamoylacetaldehyde. 

3-Chloro-N N-diethylprop-2-enesuphonamide (8 g.) was shaken for 16 hr. with a solution 
from sodium (0-87 g.) in ethanol (25c.c.). There was only a slight precipitate of sodium chloride 
and the resulting compound, b. p. 106—108°/0-1 mm., was evidently mainly unchanged starting 
amide contaminated with some of the compound described below (Found: C, 41-1; H, 7:0; N, 
6-6; Cl, 16:3; S, 15-0%). 
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In a second experiment the mixture of the chlorosulphonamide (5 g.) and sodium ethoxide 
solution (50 c.c. containing 1 g. of sodium) was boiled for 2 hr. under reflux, affording a nearly 
quantitative yield of sodium chloride. The major product was 2-ethory-NN-diethylprop-2-ene-1- 
sulphonamide, b. p. 120°/0-1 mm. (4-25 g., 81%) (Found: C, 48-2; H, 8-9; N, 6-2; S, 14:3. 
C,H,,0,NS requires C, 48-8; H, 8-6; N, 6-3; S, 145%). This compound decolorised both 
permanganate and bromine water. Ozonolysis afforded acetaldehyde (2: 4-dinitrophenyl- 
hydrazone) (Found: C, 43-0; H, 3-9; N, 24:8. Calc. for C,H,O,N,: C, 42:8; H, 3-6; N, 
25-0%). Sulphate ion was found in the aqueous solution of the ozonide but no other product 
could be identified. 

“* Zevewitinov ’’ Determination of Active Hydrogen in NNN‘N’-Tetraethyl-propane-, -propene-, 
and -but-2-ene-1 : 3-disulphonamide.—The last two columns of the annexed Table give the 
theoretical volumes of methane that could be evolved under the conditions of the experiment 
(temp. 18°). 


Weight, Pressure, CH, evolved, Vol. calc. (c.c.) 
Derivative. g. mm, c.c. for 1H for 2H 
PORE. vsnercancoonerseveseanas 0-077 745 1-6 13-1 26-2 
is. ““Kebdebarckehovnncapacnds 0-098 745 4-6 16-6 33-2 
MMI. ince ens cchicscasbesencxtes 0-092 753 32:1 15-3 30-6 
ie » leeensanbaaanonewarsneane 0-076 745 27-0 12-9 25-8 
ID «sip acedcnssedenusw ste.ans 0-086 753 15-9 13-7 27-4 
- nowicecunsnieanebeketede 0-087 753 16-8 13-9 27:8 
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818. The Reactions of Organic Derivatives of Elements Capable of Valency- 
shell Expansion. Part IV.* 1:1:3:3-Tetrakisalkylthio-propane 
and -propene, and their Oxidation Products. 

By EuGENE ROTHSTEIN and RONALD WHITELEY. 

Methods for the preparation of 1: 1:3: 3-tetraethoxypropane (malon- 
aldehyde diethyl acetal) and its 2-bromo-derivative have been developed 
and these substances have been converted into the corresponding 3: 3-bis- 
alkylthio-1 : 1-diethoxy- and 1:1: 3: 3-tetrakisalkylthio-propanes. Elimin- 
ation of hydrogen bromide from the bromo-derivatives yields the unsaturated 
compounds, the structure of which is discussed. Oxidation of 1: 1:3: 3- 


tetrakisalkylthio-propane and -propene affords the tetrasulphones which, 
in the latter series, are strong acids displacing carbonic acid from its salts. 


PREVIOUS work on thioacetals (Rothstein, J., 1940, 1550, 1553) has now been extended 
to the 1: 3-bisthioacetals. 1: 1:3: 3-Tetrakisalkylsulphonylpropanes (I), the only related 
compounds hitherto prepared, were synthesised by condensation of the appropriate bisalkyl- 
sulphonylmethane with formaldehyde (K6tz, Ber., 1900, 33, 1123). The present starting 
materials were the acetals of malonaldehyde (e.g., 1: 1:3: 3-tetra-alkoxypropane) and of 
bromomalonaldehyde (e.g., IV). The former was prepared by addition of 0-5% ethanolic 


(I) (R+SO,),CH:CH,*CH(SO,*R), EtO-CH:CH-CH(OEt), (II) 
hydrogen chloride to 1:3: 3-triethoxyprop-l-ene (II). The compound (II) which is 
easily prepared on a large scale (Price and Moos, J. Amer. Chem. Soc., 1945, 67, 207) also 
reacts with bromine, yielding 1 : 2-dibromo-l : 3 : 3-triethoxypropane (III) which in turn is 
converted by ethanol into the monobromo-derivative (IV); the structure of (IV) was con- 

(Il) ——» EtO-CHBr-CHBr-CH(OEt), ——» (EtO),CH°-CHBr:CH(OEt), (IV) 
(IIT) 


firmed by the preparation of derivatives and by hydrolysis to bromomalonaldehyde which 
was identical with that prepared from 3: 3-diethoxyprop-l-yne (Grard, Ann. Chim., 
1930, 13, 336). 


* Part III, preceding paper. 
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Condensation of 1:1:3:3-tetraethoxypropane with methane- and ethane-thiols 
yielded the corresponding 1: 1: 3: 3-tetrakisalkylthiopropanes, CH,{CH(SR),]z which on 
oxidation afforded high yields of the tetrakisalkylsulphony] derivatives (I). Employment 
of only two mols. of ethanethiol similarly gave 1 : 1-diethoxy-3 : 3-bisethylthiopropane, 
(EtO),CH-CH,*CH(SEt),. 

The reactions of 2-bromo-1: 1:3: 3-tetraethoxypropane (IV) were less straight- 
forward. This was not unexpected because one of us (oc. cit.) had shown that 2-bromo- 
1: l-bisethylthiopropane (V) is unstable, yielding under various conditions 1: 1- and 
1 : 2-bisethylthioprop-l-ene (VI and VII) or 1:1: 2-trisethylthiopropane (VIII). The 

_——» Me'CH:C(SEt), (VI) 
Me-CH(SEt)-CH(SEt), <#—— Me-CHBr-CH(SEt), —— Me:C(SEt)=CH-SEt (VII) 
(VITT) (V) 


sulphides (VI) and (VII) were formed mainly during the spontaneous evolution of hydrogen 
bromide. The trisulphide was obtained when the reaction mixture was boiled with 
potassium carbonate in xylene and could be formed by reaction of (V) with excess of ethane- 
thiol. It is also apparent that (VII) may result from the direct substitution of halogen 
by an alkylthio-anion consequent on an inter- or intra-molecular migration : * 


Dok 
P pe dl + 
Me—CH—CH —» Br- + ith Santis hain —+» (VII) + Ht 
| iN a 
Br SEt H 


Finally, the trisulphide yielded the 1 : 1-disulphide (VI) only when boiled with potassium 
tert.-butoxide. All these reactions are relevant to what follows 

The halogen atom in the bromo-acetal (IV) is extremely stable and reacts with neither 
alkoxide nor thioalkoxide. After several years there is no sign of its decomposition. In 
contrast, 2-bromo-1: 1:3: 3-tetrakis-methylthiopropane and -ethylthiopropane (IX) 


(RS),CH-CHBr-CH(SR), (RS),CH-CH:C(SR), (R-SO,),CH-CH:C(SO,'R), 
(IX) (X) (XI) 


were fuming liquids which even at room temperature eliminated hydrogen bromide with 
the production of dark tars from which no recognisable products could be isolated. The 
crude bromo-compounds reacted with ethereal piperidine yielding 1 : 1 : 3 : 3-tetrakisalkyl- 
thiopropenes (X; R= Me or Et), which could not be obtained analytically pure (see 
below). In their general properties these could be compared to the trisalkylthiomethanes ; 
their oxidation gave very small yields (between 10% and zero) of 1: 1: 3: 3-tetrakisalkyl- 
sulphonylpropenes (XI). Likewise only a small proportion of trismethylthiomethane is 
converted into the trisulphone even under the most carefully controlled conditions (Backer, 
Rec. Trav. chim., 1946, 65, 53). The poor yields of the sulphones (XI) have led to difficulties 
in the assignment of structures to some of the sulphides and these have not yet been 
entirely overcome. The reactions involved are summarized below. 

The bromomalonaldehyde diacetal (IV) with ethanethiol yielded 2-bromo-1 : 1- 
diethoxy-3 : 3-bisethylthiopropane (XII) which with pyridine afforded 3 : 3-diethoxy- 
1 : 1-bisethylthioprop-l-ene (XIII). The position of the double bond seems fairly certain 
because, apart from the difficulty of 1 : 2-elimination of hydrogen bromide from 2-bromo- 
acetals, the alternative product would be the l-enyl derivative (EtO),C°:CH-CH(SEt), : 


(XII) (EtO),CH-CHBr-CH(SEt), (EtO),CH-CH:C(SEt), (XIII) 


this is a substituted keten acetal and would during the process of isolation yield ethyl 
2: 2-bisethylthiopropionate. Further condensation of (XIII) with two mols. of ethanethiol 
yielded pure tetrakisethylthiopropene; from this, however, the sulphone could not be 
obtained, the only product of oxidation being ethanesulphonic acid. 


* A somewhat different mechanism was suggested in the original paper and has been confirmed in 
certain respects (unpublished work). The two mechanisms are not incompatible. 
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The tetrakisalkylthiopropenes (X) did not contain “active’’ hydrogen. Boiling 
(X; R = Me) with potassium ¢ert.-butoxide, however, led to the formation of an isomeric 
substance of a considerably lower boiling point * and oxidation of this yielded bismethyl- 
sulphonylmethane together with methanesulphonic acid. No tetrasulphone was isolated. 

Elimination of hydrogen bromide from the bromo-derivative (XII) by means of 
potassium ¢ert.-butoxide instead of piperidine gave a product isomeric with (XIII). Treat- 
ment with more ethanethiol yielded a tetrakisethylthio-derivative different from that 
obtained from (XIII); bisethylsulphonylmethane was obtained by oxidation. 

Reaction of 2-bromo-1 : 1: 3: 3-tetrakisethylthiopropane (IX; R = Et) with sodium 
ethyl sulphide yielded the propene derivative which gave better analytical figures 
than that previously obtained by the action of piperidine and was converted into the 
tetrasulphone (XI) on oxidation. Finally, little difference in the shapes of the molecular 
extinction curves in the near ultra-violet was observed for hexane solutions of the different 
specimens of the tetrakisalkylthiopropenes. In all cases the characteristic shape of the 
thioacetal curve was somewhat smoothed out, but the optical densities measured for (X) 
were a good deal lower than for the other specimens. 

Since 1: 1 : 2-trisethylthiopropane (VIII) is oxidised to a mixture of 3: 3- and 2: 3- 
bisethylsulphonylprop-l-ene, it is arguable that the tetrasulphide (X) may contain a large 
proportion of 1:1:2:3:3-pentakisalkylthiopropane, EtS:CH{CH(SEt).|,, which on 
oxidation yields the tetrasulphone. This would account for the low yields of the latter, 
as well as the poor analytical figures of the tetrathio-derivative, but the result of heating 
(IX) with sodium ethyl sulphide suggests that the pentathio-compound is not especially 
stable. Bearing in mind that oxidation of 3 : 3-bisethylthiopropene, CH,:CH°CH(SEt),, 
yields 1 : 3-bisethylsulphonylpropene, Et-SO,°CH:CH-CH,°SO,°Et (Rothstein, J., 1940, 
1560), it is not surprising that in the tetraethylthio-compounds this type of isomerisation 
should inhibit the formation of the sulphone. 

The isomeric change encountered with potassium ¢ert.-butoxide cannot be adequately 
explained. A tentative hypothesis is that a geometrical isomeride is formed. Molecular 
models show that steric hindrance between the alkylthio-groups may lead to restricted 
rotation of the C-C bond, affording two comparatively stable conformations. Of these 
two, one leads to ready migration of the alkylthio-group during oxidation, yielding 
3:3:3: 1-tetrakisalkylthiopropene. This on oxidation and fission would afford the 
bisalkylsulphonylmethane, as in the production of bismethylsulphonylmethane from 
trismethylthiomethane and hydrogen peroxide (Backer and Stedehouder, Rec. Trav. 
chim., 1933, 52, 437). 

The structures of the 1: 1:3: 3-tetrakisalkylsulphonylpropenes (XI; R = Me and 
Et) were confirmed by catalytic reduction to the saturated derivatives (I). The com- 
pounds (XI) are very stable, liberating carbon dioxide from sodium hydrogen carbonate. 
The sulphones are precipitated unchanged by the addition of mineral acid to the bicarbonate 
solutions and in this respect differ from the analogous 1 : 3-bisalkylsulphonylpropenes 
which polymerise when the anion is formed (Rothstein, J., 1937, 309). The sulphone 
groups in the bisulphones are conjugated by means of the double bond and hence in their 
chemical properties resemble bismethylsulphonylmethane. Analogously the tetrasulphony] 
derivatives resemble trismethylsulphonylmethane which is a strong acid, soluble in sodium 
carbonate (Bohme and Marx, Ber., 1941, 74, 1667). In comparison with their disulphonyl 
analogues, the anions of the tetrakisalkylsulphonylpropenes are associated with a larger 


number of mesomeric structures, such as R*O,S:C(SO,R)*CH:C(SO,°R)., and thus have 
extra stability. In contrast to the unsaturated compounds, 1:1: 3: 3-tetrakisalkyl- 
sulphonylpropanes (I) are insoluble in sodium carbonate but dissolve in sodium hydroxide. 
According to Kétz (loc. cit.) acidification with mineral acids causes fission with the produc- 
tion of bisalkylsulphonylmethanes and formaldehyde. Carbon dioxide, however, has 
now been found to precipitate the tetrasulphone unchanged. 


* Some methancthiol was eliminated in this reaction, suggesting the possible presence of pentakis- 
methylthiopropane 
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EXPERIMENTAL 

1: 1:3: 3-Tetraethoxypropane.—2-Bromo-1 : 1 : 3-triethoxypropane was prepared by a 
modification of Fischer and Giebe’s method (Ber., 1897, 30, 3056). 2 : 3-Dibromopropaldehyde 
(950 g., 4:39 moles) was boiled under reflux for 40 hr. with ethanolic 1% hydrogen chloride 
(1600 g., 34-8 moles) and then kept at room temperature for a further 2 days. The product 
was mixed with ice-water (3 1.), and the lower layer separated, washed with sodium hydrogen 
carbonate and dried (Na,SO,). The main product boiled at 108—114°/18 mm., but about 
10% of the distillate boiled at 90—108°/18 mm. The latter portion was mixed with three times 
its weight of ethanolic 1% hydrogen chloride and, after 2 days, a further quantity of the tri- 
ethoxy-compound was isolated. The total yield was 729 g. (65%). The bromotriethoxy- 
compound was converted into 1: 3: 3-triethoxyprop-l-ene by boiling it (729 g.) under reflux 
with potassium hydroxide (460 g.) and ethanol (1-5 1.) (Price and Moos, J. Amer. Chem. Soc., 
1945, 67, 207). The b. p. of the product was 89—-91°/15 mm., and the yield 475 g. (78%). 

A mixture of the triethoxypropene (120 g., 0-69 mole) and ethanol (300 g., 6-5 moles) con- 
taining 0-5% of hydrogen chloride was cooled in ice and kept for 48 hr., there being a slight 
darkening after 24 hr. The liquid was mixed with sodium hydrogen carbonate solution con- 
taining crushed ice, extracted with ether, and dried (K,CO,). The ethereal solution yielded 
1: 1:3: 3-tetraethoxypropane, b. p. 106°/17 mm. (91 g., 60%) (Found: C, 59-6; H, 11-1. 
Calc. for C,,H,,0,: C, 60-0; H, 10-9%). 

Condensation of 1: 1:3: 3-Tetraethoxypropane with Methanethiol._—The tetraethoxypropane 
(60 g., 0-27 mol.) was cooled in ice and mixed with methanethiol (70 g., 1-45 moles) and glacial 
acetic acid (120 c.c.)._ Concentrated hydrochloric acid (120 c.c.) was slowly added to the well- 
stirred mixture, and stirring continued for a further 5 hr., the temperature being kept at 0°. 
The mixture was then added to water and extracted with ether and the extract washed free 
from acids with water. The dried (CaCl,) solution was distilled under reduced pressure, glass 
wool being used instead of the conventional capillary air-leak owing to the oxidation which 
otherwise occurred. 1:1:3: 3-Tetrakismethylthiopropane had b. p. 110°/0:3 mm. (54 g., 
87%) (Found: C, 36-8; H, 7-2; S, 56-1. C,H,,S, requires C, 36-8; H, 7-0; S, 56-1%). 

A slight excess of 2% potassium permanganate solution was slowly added to tetrakis- 
methylthiopropane (1 g.) in glacial acetic acid (20 c.c.). The manganese dioxide was dissolved 
by the passage of sulphur dioxide, and the 1: 1 : 3: 2-tetrakismethylsulphonylpropane crystallised 
twice from glacial acetic acid. It (1:2 g., 77%) had m. p. 281—283° (Found: C, 23-6; H, 4-2; 
S, 35-9. C,H,,0,S, requires C, 23-6; H, 4:5; S, 35-99%). The compound was insoluble in 
cold ethanol, benzene, chloroform, and ethyl acetate. 

Independent Synthesis of 1:1:3: 3-Tetrvakismethylsulphonylpropane.—Bismethylthio- 
methane was prepared in 78% yield from methanethiol (24 g.) and formaldehyde (19 g. of 40% 
solution) in glacial acetic acid (60 c.c.). Concentrated hydrochloric acid was slowly added to 
the stirred mixture, the stirring being continued for a further 4 hr. (cf. Gibson, J., 1941, 2637). 
The product was oxidised to bismethylsulphonylmethane, m. p. 148° (Backer, Rec. Trav. chim., 
1946, 65, 55), by aqueous potassium permanganate and sulphuric acid (Baumann and Kast, 
Z. physiol. Chem., 1890, 14, 55, record m. p. 143°). Formaldehyde (0-7 g. of 40% solution) 
was added to bismethylsulphonylmethane (3 g.), dissolved in warm ethanol (60c.c.). Piperidine 
(3 drops) was added, the mixture boiled under reflux for 30 min., and the insoluble tetra- 
sulphonylpropane filtered from the hot solution. Like the specimen previously prepared it 
separated from glacial acetic acid in microscopic cubes, m. p. 281—283°, and gave no depression 
of m. p. in admixture. 

1:1:3: 3-Tetrakisethylthiopropane, b. p. 142°/0-4 mm. (yield, 9-9 g., 77%), was prepared 
from tetraethoxypropane (10 g.), ethanethiol (13 g.), glacial acetic acid (30 c.c.), and concen- 
trated hydrochloric acid (30 c.c.) (Found: C, 46-4; H, 88; S, 44-6. C,,H,,S, requires C, 
46-5; H, 8-5; S, 45-1%). 

2-Bromo-1: 1:3: 3-tetraethoxypropane.—A solution of bromine (130 g., 0-81 mole) in carbon 
tetrachloride (50 c.c.) was slowly added to a stirred mixture of 1: 3: 3-triethoxyprop-l-ene 
(150 g., 0-86 mole), carbon tetrachloride (550 c.c.), and calcium carbonate (12 g.) cooled in ice. 
The liquid was then filtered, the solvent removed under reduced pressure, and ethanol (400 c.c.) 
added to the residue cooled in ice. After 4 days the solution was mixed with ice-water (1 1.) 
and the product extracted with ether. The ethereal solution was washed with sodium hydrogen 
carbonate solution, dried (CaCl,), and fractionated, affording 2-bromo-1: 1: 3: 3-tetraethoxy- 
propane, b. p. 138—139°/18 mm. (192 g., 74%) (Found: C, 44-1; H,7-7; Br, 26-9. C,,H,,;0,Br 
requires C, 44-2; H, 7-7; Br, 26-7%). 
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Reactions of Bromotetraethoxypropane.—(a) Hydrolysis. The ethoxy-compound (12-4 g.) 
was warmed with concentrated hydrochloric acid (1 c.c.) until the mixture was homogeneous. 
After 48 hr. the bromomalonaldehyde (m. p. 148°) separated and was recrystallised from 
phenetole (Found: C, 24:2; H, 2-0; Br, 52-7. Calc. for C;H,0,Br: C, 23-8; H, 2-0; Br, 
53-0%). It was identical (mixed m. p.) with the product obtained from 3 : 3-diethoxyprop-1l-yne 
and bromine (Grard, Ann. Chim., 1930, 13, 336). 

(b) With aniline. The tetraethoxy-derivative (1 g.) was added to aniline (1 g.) in con- 
centrated hydrochloric acid (2 c.c.). The hydrochloride which separated overnight was decom- 
posed by sodium hydrogen carbonate solution; the 2-bromo-1 : 3-bisphenyliminopropane, 
recrystallised from ethanol, had m. p. 145° (Found: C, 59-5; H, 4:5; N, 9:0. C,;H,,;N,Br 
requires C, 59-8; H, 4:3; N, 9-3%). 

(c) With methanethiol. Concentrated hydrochloric acid (240 c.c.) was slowly added to a 
stirred mixture of the bisacetal (80 g., 0-27 mol.), glacial acetic acid (240 c.c.), and methanethiol 
(57 g., 1:2 moles) cooled in ice. Stirring was continued for 5 hr., and the mixture then poured 
into water (700 c.c.) and extracted with ether. The extract was washed with water until free 
from acid and dried (CaCl,). The resulting 2-bromo-1 : 1 : 3: 3-tetrakismethylthiopropane was 
extremely unstable, hydrogen bromide being spontaneously evolved at room temperature. 
Rapid darkening and complete decomposition occurred when the compound was distilled at 
0-2 mm. It was therefore necessary to carry out the second stage of the synthesis without 
delay. 

The above bromo-compound was freed from the last traces of ether and methanethiol, and 
the residue mixed with an ethereal solution of piperidine (30 g., 0-35 mol.). The liquid was 
kept for 4 days, during which piperidine hydrobromide was slowly deposited, and then the salt 
was filtered off, the filtrate being washed free from excess of base with water. The dried 
(CaCl,) solution was fractionally distilled and the main product collected at 125—145°/0-2 mm. 
(glass wool). A further distillation, through a short, jacketed, Vigreux column, afforded 
1: 1:3: 3-tetrakismethylthiopropene, b. p. 138—140°/0-3 mm. (63%), as a straw-coloured oil. 
Repeated fractionation failed to yield an analytically pure compound (Found: C, 35-8; H, 
7-1; S, 66-5. Calc. for C,H,,S,: C, 37-2; H, 6-2; S, 56-6%). 

(d) With ethanethiol. 2-Bromo-1: 1:3: 3-tetrakisethylthiopropane was prepared in the 
same way as the methyl compound, from the bromoacetal (60 g., 0-2 mole), ethanethiol (56 g., 
0-9 mole), glacial acetic acid (180 c.c.), and concentrated hydrochloric acid (180 c.c.). Reaction 
with piperidine (24 g., 0-28 mole) was complete in 14 days, the product distilling at 150—158°/0-35 
mm. Fractionation yielded 1:1: 3: 3-tetrakisethylthiopropene, b. p. 156—158°/0-35 mm. 
(35-4%). Here again, complete purification could not be accomplished (Found: C, 45-8; 
H, 8-4; S, 45-5. Calc. for C,,H..5,: C, 46-8; H, 7-8; S, 45-4%). 

Reaction between 2-Bromo-1: 1:3: 3-tetrakisethylthiopropane and Sodium Ethyl Sulphide.— 
An ethereal solution of the product from the bromomalonaldehyde diacetal (9 g.), ethanethiol 
(15 g.), acetic acid (27 c.c.), and concentrated hydrochloric acid (27 c.c.) was washed with 
water, dried (K,CO,), and added to an ethanolic solution of sodium ethyl sulphide (from 2 g. 
of ethanethiol). The reaction was completed by 1 hr.’ boiling and the product isolated as 
usual. Distillation, with purified nitrogen for the “ air ’’-leak, was accompanied by consider- 
able decomposition. The main fraction (3-1 g., 37%) was 1: 1:3: 3-tetrakisethylthiopropene, 
b. p. 130—131°/0-01 mm. (Found: C, 46-1; H, 83; S, 45-3%). Oxidation afforded the 
tetrakisethylsulphonyl derivative described below. 

Reactions of Tetvakisalkylthiopropenes.—(a) With hydrogen peroxide. 1:1:3:3-Tetra- 
kismethylthiopropene (4 g., 0-02 mole) reacted vigorously (boiling) with 30% hydrogen peroxide 
(20 g., 0-18 mole) and glacial acetic acid (50c.c.). After a final heating under reflux for 30 min., 
and evaporation on the steam-bath, the residue was dried (P,O,;) and converted into the acid 
chloride (b. p. 60—70°/18 mm.; 1-5 g.) by treatment with small portions of phosphorus penta- 
chloride with ice-cooling until no further reaction occurred, and finally the amide was prepared 
in ethereal solution. Extraction of the solid so formed with hot chloroform afforded methane- 
sulphonamide which separated from ethanol—benzene (1 : 1) in plates, m. p. 91° (1-2 g.) (Found : 
C, 12-9; H, 5-3. Calc. for CH,O,NS: C, 12-6; H, 5:3%). 

In a second experiment, with the same methylthiopropene (4:2 g.), hydrogen peroxide 
(26 g.), and acetic acid (26 c.c.), the temperature was not allowed to rise above 20°, the mixture 
becoming homogeneous in 24 hr. After 7 days, it was concentrated on the steam-bath, and 
water (10 c.c.) was added to the residual oil. This precipitated colourless crystals which were 
purified by dissolution in warm sodium hydrogen carbonate solution and, after filtration, 
reprecipitation with concentrated hydrochloric acid. Crystallisation from ethyl acetate 
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furnished 1:1: 3: 3-tetrakismethylsulphonylpropene as cubes, m. p. 196—197° (0-5 g., 7:6%) 
(Found: C, 23-6; H, 4:2; S, 36-0. C,H,,0,S, requires C, 23-7; H, 4:0; S, 36-2%). The 
filtrate from the sulphone afforded methanesulphonic acid, identified as the amide as before. 
A solution of the tetrasulphone in sodium hydrogen carbonate decolorised potassium per- 
manganate immediately. 

A similar oxidation of 1: 1:3: 3-tetrakisethylthiopropene yielded 1: 1: 3: 3-tetrakisethyl- 
sulphonylpropene which separated from ethanol in cubes, m. p. 154° (96%) (Found: C, 32-0; 
H, 5:5; S, 30-8. C,,H,.O,S, requires C, 32:2; H, 5-4; S, 31-2%). The filtrate from the 
tetrasulphone contained ethanesulphonic acid which was converted into the amide as above. 
Recrystallisation of the ethanesulphonamide from ether yielded a product, m. p. 58° (31%) in 
agreement with the recorded m. p. 

(b) Reduction. 1:1:3: 3-Tetrakismethylsulphonylpropene (0-2 g.) was shaken in glacial 
acetic acid (10 c.c.) for 8 hr. with hydrogen at atmospheric pressure in the presence of Adams 
catalyst (0-1 g.). No heat was required and, after filtration, 1:1: 3: 3-tetrakismethyl- 
sulphonylpropane was extracted from the residue with warm sodium hydroxide solution. 
Passage of carbon dioxide through the alkaline solution precipitated the saturated sulphone 
(0-1 g.), which was identified by comparison (mixed m. p.) with an authentic specimen. The 
filtrate was acidified with concentrated hydrochloric acid, affording unchanged starting material 
(0-07 g.). 

(c) Attempted ethylation. A solution of potassium (0-37 g., 0-0095 mole) in fert.-butanol 
(15 c.c.), tetrakismethylthiopropene (2 g., 0-0088 mole), and ethyl bromide (2 g., 0-18 mole) 
was boiled for 2-5 hr. under reflux. The solvent was distilled, the residue dissolved in ether, 
and the solution washed free from potassium bromide with water. The dried (CaCl,) solution 
yielded two fractions when distilled: (i) b. p. 118—130°/0-25 mm. (0-7 g.), almost certainly 
identical with the substance described in the next experiment (Found: C, 37-8; H, 6-9%); 
and (ii) b. p. 130—140°/0-25 mm., mainly unchanged starting material (afforded tetrakis- 
methylsulphonylpropene when oxidised). 

(d) Reaction with potassium tert.-butoxide. The tetrakismethylthio-compound (2 g., 0-0088 
mole) was boiled under reflux for 5 hr. with N-potassium ¢ert.-butoxide (25 c.c., 0-025 mole). 
The solvent was distilled off under reduced pressure, the. residue dissolved in ether, and the 
solution washed with water. Acidification of the aqueous layer yielded methanethiol, identified 
as its mercuric compound (m. p. 174°). The dried (CaCl,) ethereal solution yielded a tetrakis- 
methylthiopropene (1-4 g.), b. p. 122—125°/0-3 mm., isomeric with the original sulphide (Found : 
C, 37-5; H, 6-5; S, 56-0. C,H,,S, requires C, 37-2; H, 6-2; S, 56-6%). 

The above product was dissolved in glacial acetic acid (8 c.c.), and 30% hydrogen peroxide 
(8 g.) added, the temperature being kept at +20°. After 5 days, the liquid was reduced to 
2 c.c. on the steam-bath, the residue depositing bismethylsulphonylmethane which separated 
from water in colourless plates, m. p. 148° (0-25 g.) (Found: C, 21-3; H, 5-0; S, 37-0. Cale. 
for C,H,O,S,: C, 20-9; H, 4:7; S, 37-2%). Its identity was confirmed by mixed m. p. with 
an authentic specimen. The acid which formed the major portion of the oxidation product 
was fractionally distilled, yielding methanesulphonic acid, b. p. 134/0-15 mm. (Found: C, 
13-4; H, 4:6. Calc. for CH,O,S: C, 12-5; H, 4:2%). Conversion into the acid chloride and 
then treatment with ammonia furnished methanesulphonamide, m. p. 91° (0-5 g., 60-5%). 

(e) Reaction with methyl iodide. The tetrakismethylthio-derivative (3g., 0-013 mole) was mixed 
with methyl iodide (9 g., 0-0063 mole) and kept at room temperature for 5 days. The black 
crystalline mass was dissolved in water, and the solution filtered and evaporated. The concen- 
trated solution deposited trimethylsulphonium iodide, in needles, decomp. at 218—219° (various 
decomposition points have been recorded; 215° by Klinger, Ber., 1877, 10, 1879; 203—207° 
by Steinkopf and Muller, Ber., 1923, 56, 1928). Another specimen obtained by alkylation of 
1:1: 3:3-tetrakismethylthiopropane decomposed at 215—217° (Found: C, 17-6; H, 4-7; I, 
62-6; S, 15-8. Calc. for C;H,IS: C, 17-7; H, 4:4; I, 62:3; S, 15-7%). 

(f) 1: 1:3: 3-Tetrakismethylthiopropene was recovered unchanged when heated with: 
(i) methylmagnesium iodide in ether, (ii) benzaldehyde and piperidine or diethylamine, (iii) 
acetaldehyde and piperidine or diethylamine, (iv) acrylonitrile and benzyltrimethylammonium 
hydroxide, (v) ‘“‘ molecular’’ potassium in xylene, and (vi) sodamide and ethyl bromide in 
benzene. Likewise a solution of the tetraethylthio-derivative in boiling xylene failed to react 
with m-nitrobenzaldehyde in the presence of piperidine. 

Two-stage Preparation of 1:1:3: 3-Tetrakisethylthio-propane and -propene.—(a) An ice- 
cold mixture of 1: 1: 3: 3-tetraethoxypropane (7 g., 0-032 mole), ethanethiol (3 g., 0-048 mole) 
and ethanol (4 c.c.) containing 4% (w/w) of hydrogen chloride was kept at 0° for 16 hr. and 
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then poured into excess of sodium hydrogen carbonate solution. The oil was extracted with 
ether, and the extract dried (CaCl,) and fractionated, affording 1 : 1-diethoxy-3 : 3-bisethylthio- 
propane, b. p. 94—96°/0-5 mm. (4 g.) (Found: C, 52-7; H, 9-7; S, 25-0. C,,H,4O,S, requires 
C, 52-4; H, 9-5; S, 25-4%). 3: 3-Bisethylthiopropaldehyde 2: 4-dinitrophenylhydrazone was 
obtained by the addition of concentrated hydrochloric acid (1 c.c.) to a nearly boiling solution 
of the diethoxy-derivative (0-4 g.) and 2: 4-dinitrophenylhydrazine (0-3 g.) in ethanol (15 c.c.). 
The mixture was cooled and water added until there was a faint turbidity. Separation of the 
derivative occupied several hours, and it slowly crystallised from ethanol then having m. p. 
62-5° (yield, 0-2 g.) (Found: C, 43-6; H, 5-2; N, 15-6; S, 17-6. C,,;H,,0,N,S, requires C, 
43-5; H, 5:0; N, 15-6; S, 17-9%). 

(b) Concentrated hydrochloric acid (40 c.c.) was slowly added to a stirred mixture of 2- 
bromo-1 : 1 : 3: 3-tetraethoxypropane (40 g., 0-13 mole), ethanethiol (17-5 g., 0-28 mole), and 
glacial acetic acid (80 c.c.), with ice-cooling. After 2 hr., the product was isolated by dilution 
with water, extraction with ether, and drying (CaCl,) of the washed extract. The solvent was 
removed in a vacuum and the residue heated at 100° for 30 min. with pyridine (50 c.c.), the 
hydrobromide being rapidly deposited. The yellow oil, isolated in the usual manner, had b. p. 
95—160°/0-4 mm. Fractionation through a 70-cm. jacketed Vigreux column yielded impure 
1 : 1-diethoxy-3 : 3-bisethylthioprop-2-ene (A), b. p. 113—318°/0-4 mm., together with un- 
changed bromo-acetal and tetrakisethylthiopropene (complete separation was not possible) 
(Found: C, 51-4; H, 8-3; S, 28-6. Calc. for C,,H,.0,S,: C, 52-8; H, 8-8; S, 28-6%). The 
2: 4-dinitrophenylhydrazone first separated from ethanol in dark-red needles, m. p. 152—156°. 
After two further recrystallisations from light petroleum (b. p. 80—100°), followed by another 
from ethanol, it had m. p. 170—171° (Found: C, 43-7; H, 4-4; S, 18-2. C,,H,,0,N,S, requires 
C, 43-8; H, 4:5; S, 180%). Hydrolysis of the diethoxy-compound (2 g.) was carried out. by 
stirring it with hydrochloric acid (5 c.c.) and water (5 c.c.) at 60° for 16 hr. and extracting the 
dark liquid with ether A solution of the residual oil in ethanol (8 c.c.) was added to aqueous 
(3 c.c.) hydroxylamine hydrochloride (0-45 g.) containing sodium hydrogen carbonate (0-8 g.), 
some ethanethiol being liberated. After 4 hr. at room temperature, $8-bisethylthioacraldehyde 
oxime, (EtS),C’;CH*CH:N-OH, was precipitated by the addition of water (20c.c.). It crystallised 
from aqueous methanol in pale yellow plates, m. p. 86—87° (Found: C, 44:1; H, 7-0; N, 7-2; 
S, 33-6. C,H,,ONS, requires C, 44:0; H, 6:8; S, 33-5; N, 7-3%). 

(c) Removal of hydrogen bromide with potassium tert.-butoxide. The product of the reaction 
of bromomalonaldehyde di(ethyl acetal) and ethanethiol, the same quantities being used as 
in (6), was added to 1-2N-potassium fert.-butoxide (150 c.c., 0-18 mole) and boiled under reflux 
for 2 hr. Part of the solvent was distilled off, and the remainder removed by addition of the 
residue to water. A straw-coloured oil (B), b. p. 106—109°/0-3 mm. (7 g.), was obtained which 
could not be freed from unchanged bromo-acetal (Found: C, 51:3; H, 8-4; S, 17:0; Br, 6-1%). 
The 2: 4-dinitrophenyvlhydrazone separated from ethanol in bright-red needles, m. p. 111° 
(Found: C, 44-1; H, 4:5; N, 15-6; S, 18-0. C,,;H,.O,N,S, requires C, 43-8; H, 4:5; N, 
15-7; S, 180%). The oxime was a non-crystallisable liquid. 

Condensation of the Diethoxybisethylthiopropene with Ethanethiol.—(a) The diethoxy-com- 
pound (A) (5-1 g.), dissolved in glacial acetic acid (10 c.c.), was mixed with ethanethiol (3-2 
c.c.), then cooled in ice, and concentrated hydrochloric acid (10 c.c.) was slowly added to the 
stirred liquid. After 5 hr., the mixture was added to water and the tetrakisethylthiopropene 
isolated in the usual way as a yellow oil, b. p. 150—152°/0-2 mm. (3-6 g., 61%) (Found: C, 
47-0; H, 8-0; S, 45-2. Calc. for C,,H,.S,: C, 46-8; H, 7-8; S, 45-4%). Oxidation by 30% 
hydrogen peroxide and glacial acetic acid failed to yield any sulphone. 

(b) The reaction with 3-4 g. of the disulphide (B) was carried out as in (a) and yielded a 
yellow oil (1-6 g.), b. p. 142—147°/0-2 mm. (Found: C, 47:0; H, 7:9; S, 44-9%). 
This 1: 1:3: 3-tetrakisethvlthiopropene (1-2 g.), mixed with 30% hydrogen peroxide (10-8 c.c.) 
and glacial acetic acid (7 c.c.), was kept for 7 days below 20°. It was then evaporated to a 
syrup, water (5 c.c.) was added to the residue and the whole left below 0° overnight. The 
solution deposited bisethylsulphonylmethane (0-8 g.), identified by m. p. and mixed m. p. 
The tetrasulphony] derivative was not obtained. 
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819. The Reactions of Organic Derivatives of Elements Capable of 
Valency-shell Expansion. Part V.* A Comparison of the Near- 
ultra-violet Absorptions of Unsaturated Derivatives of Nitrogen, Phos- 
phorus, and Sulphur with those of their Saturated Analogues. 


By Denis C. NicHoLson, EUGENE ROTHSTEIN, ROWLAND W. SAVILLE, and 
RONALD WHITELEY. 


Absorption spectra, in the near-ultra-violet region, of compounds 
mentioned in the title have been measured and the results found to correspond 
to the conclusions reached in Part I.* There is an inerease in the intensity 
of absorption (compared with the saturated analogues) with the unsaturated 
derivatives of elements capable of valency-shell expansion, together with 
a marked bathochromic effect. Both effects are dependent on concentration 
and an explanation based on the association of the derivatives is advanced. As 
expected, saturated and unsaturated quaternary ammonium salts in neutral 
solution do not show these differences. Intense general absorption occurs 
with unsaturated bisalkylthic-compounds, which appears to arise from the 
sharing of the p electrons of the sulphur atom with the propene system. 
No such phenomenon is noticed with sulphonium chlorides. 


AN attempt is made in this paper to ascertain whether the absorption, in the near-ultra- 
violet region, of saturated and unsaturated derivatives of the following classes can be 
empirically correlated with conclusions reached in Part I regarding the ability of certain 
elements to expand their valency shells. The compounds considered are: (a) unsaturated 
substances known to form mobile tautomeric systems or to contain “‘ active’ hydrogen 
(quaternary ammonium salts, disulphonyl- and tetrasulphonyl-propenes, disulphamoyl- 
propenes); (0) unsaturated substances believed to be mobile [propene-l : 3-(diquaternary 
phosphonium) salts]; (c) unsaturated polar compounds where the mobility, if present at 
all, is only slight (propene-1 : 3-disulphonium salts); and (d) 1: 3-bisalkylthio- and 
1: 1:3: 3-tetrakisalkylthio-propenes which are neither tautomeric nor contain “ active ”’ 
hydrogen. Comparison is made between the saturated and the corresponding unsaturated 
derivatives in each case, and whilst great accuracy is not claimed for the observations, 
the differences are greater than any possible experimental errors. The most suitable 
solvent was 95% ethanol (Leighton, Cary, and Schipp, J. Amer. Chem. Soc., 1931, 58, 
3017), although it suffered from the disadvantage of having an appreciable absorption 
below 210 mz which added to the uncertainties of transmission measurements in this region. 
Tables 1—4 show that in most cases Beer’s law was not applicable, this aspect being 
discussed in connection with Tables 5 and 6. All samples were dried over phosphoric 
oxide and measurements were made on a “ Unicam”’ S.P. 500 spectrophotometer, with 
fused quartz cells and10-mm. path length. 


TABLE 1. Maximum extinction coefficients for propane- and propene-1 : 3-diammonium, 
-diphosphonium, and -disulphonium chlorides, CH,(CH,R), and CH,R-CH:CHR. 


Saturated Unsaturated 
-— $$ ~ ——— -—— 7" co — A _ 7 — = 
Concn. } ee Concn. p ey 
R (10 mole/1.) (my) loge (10' mole /1.} (mp) log € 
NEC 3C] on. cccsscscsese 200—7-6 210—205 1-S4—2:°17 166—2-4 212—205 2-00—2-69 
PPr,}Cl_..............6. LI9—6-0 210—208 2-19—2-75 117—2-0 230—213 2-30—3-79 
SBuMe}Cl ............. 126—0-9 208-—206 1-73—2:76 182—7:3 214—208 2-05—2-50 


The non-applicability of Beer’s law is quite clear from Table 1. The increase in the 
bathochromic effect and in the intensity of absorption of the unsaturated phosphorus 
compounds compared with those of the saturated derivatives is much more marked than 
with the other two pairs and suggests that there is some parallelism with the interaction 
of the double bond postulated for phosphorus but not for nitrogen or tervalent sulphur 


* Parts I—IV, preceding papers. 
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derivatives (Part I). The 1: 3-disulphonium salts were difficult to obtain pure because 
aqueous solutions of the trimethylene derivatives, in particular, tended to develop an 
odour of sulphide on concentration even at room temperature. Since sulphides are 
strongly absorptive in the near-ultra-violet region, the measured optical densities of the 
sulphonium chlorides are probably rather too high. 


TABLE 2. Maximum extinction coefficients for (a) 1: 3-bisalkylsulphonyl-, (b) 1 : 3-dt- 


sulphamoyl- (R,N*SO,°), (c) 1-methyl-1 : 3-disulphamoyl-, and (d) 1: 1 : 3-tetraktsethyl- 
sulphonyl-propane and -propene. 


Saturated Unsaturatec 
2 - 1. = A ” a 4 se S 7) = aie = = 
Concn. p ool | Concn. p 
(104 mole/1.) (mp) log € | (10* mole/1.) (mp) loge 
(a) Transparent ...... — — 29:9—0-7 222—208 2-79—3-76 


SE oe. eer eee 18-4—1-8 218—212 2-93—3-50 
2 Se ES. — —_ 10-:0—0-3 242—218 3:20—4:07 
(d) Transparent ...... -- -- —_ 1:3 206 & 286 3-76 & 4:50 


(6) R ee sreonexon 7-1—0-7 212—206 2-02— 2-55 | 9-3—0-9 234—220 3°45-—3-81 
— 
| 


All the unsaturated derivatives shown in Table 2 are tautomeric and the increased 
intensity of their absorption corresponds to the conclusion reached in Part I that ‘‘ quadri- 
covalent ”’ sulphur adjacent to a double bond tends to expand its valency shell. 


TABLE 3. Maximum extinction coefficients for (a) 1: 3-bisethylthio- and (b) 1:1:3: 3-tetra- 
hisethylthio-propane and -propene, and (c) bisethylthio- and (d) bisphenylthio-methane.* 


Saturated Unsaturated. 
co _ - — —A- — —_—_- 7 i —— —————— _ _ —_-_-—, 
Concn. Aiaes: | Concn. p a 
(10 moie/1.) (my) loge (104 mole/1.) (mp) log € 
(a) 15-7—1-3 212—206 2-89—3-22 | 1-40—1-0 252—254 3-76—3°85 
(b) 26-3—2:1 214—208 2-79—3-48 5-0—1-5 212—206 3°59—3-52 
a 238—234 3:04—3-26 | - 272—265 3:24— 3:39 
(c) 5-0 214 2-96 — — = 
— 238 296 | — -- ~- 
(d) — — — —_ 205 4:3 
| _- 255 4:03 


* Fehnel and Carmack, J. Amer. Chem. Soc., 1949, 71, 84. 


In the range of concentrations studied for the substances of Table 3 a fairly close 
adherence to Beer’s law was observed. Whilst the saturated sulphides exhibit a rapid 
decrease of absorption as the wave-length increases above 220 my and in this respect 
resemble allyl sulphide (log ¢ 3-33), the unsaturated analogues show a high absorption 
(log ¢ >3-0) up to 300 mz. The saturated and unsaturated bisthioacetals give absorption 
curves nearly identical with those of bisethylthio(and other bisalkylthio)-derivatives (cf. 
Fehnel and Carmack, Joc. cit.) and bisphenylthiomethane, the second absorption maxima 
appearing to result from interaction of the adjacent thio-groups since ethyl sulphide has 
not a maximum at this point. 


TABLE 4. Maximum extinction coefficients for benzyl and phenyl derivatives of quaternary 
nitrogen and phosphorus. 


Concn. Asien. Concn Amax. 
(10* mole/1.) (mp) log € (10# mole /1.) (mp) log € 
CH,Ph:NMe,Cl 13-8—0-6 218—210 3-19—4-08 Ph:NMe,Cl 64—0-06 214—207 2-44—3-71 
_ 263—264 2-63—3-46 _ 259 2-34 
CH,Ph-PPr,Cl 12-5—0-5 221—210 3-55—4:11 Ph,;PO* ... — 224 4-33 


~ 260 3-58—3-41 - 266 3-38 

* Jaffe and Friedman, J. Amer. Chem. Soc., 1947, 69, 2714. Figures for trialkylphenylphos- 

phonium chlorides are not available, but trimethylphenylphosphonium iodide has an absorption 

similar to that of triphenylphosphine oxide at the higher maximum (Bowden and Braude, /., 1952, 
1068). 

In the benzyl series exemplified in Table 4 nitrogen and phosphorus have nearly identical 
absorptions; the difference noticed in the phenyl derivatives is not inconsistent with the 
formation of x-bonds by the absorption of nuclear electrons into the d shell of the phosphorus 
atom (Part I). 
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General Discussion.—The non-applicability of Beer’s law to the measurements described 
above has been encountered by other workers, e.g., for triphenylsulphonium bromide in 
chloroform solution (Bonner, tbid., 1952, 74, 5078), where it was ascribed to molecular 
association. The bathochromic effect, which increases with concentration and is accom- 
panied by a diminution of the molecular extinction coefficient, makes comparison between 
different classes of compounds impracticable unless a standard concentration is employed 
throughout. Considerations of solubility and the relative inaccuracy in the measure- 
ment of optical densities other than those which lie between 0-1 and 1-0 limit the use of 
identical concentrations, and it is difficult to weigh exactly non-crystalline materials such 
as the ‘‘ onium ” chlorides. Nevertheless Table 5, which lists the various groups in order 


TABLE 5. Measured optical densities of groups attached to saturated chains. 


Optical Optical 

Conen. p em density Concn. Anan. density 

(a) Group (10* mole/I.) (mp) (max.) (a) Group (10* mole/1.) (mp) (max.) 
C-SO,°Bu ... 6-96 —- 0 C-SBuMe}Cl 6-31 209 0-184 
C(SO,Et),... 6:31 206 0-045 C°PPr,}Cl ... 5:96 208 0-337 
CSO,"NR, 7:13 211-5 0-075 C-SBu ...... 6-29 267 0-763 
C-NEt,}Cl... 7-56 206 0-113 CiSBb ey... 5-25 210 1-140 

Optical density at mp stated 
co —EE — eee —_— oe! 
(b) Compound 240 230 220 214 

RAO. cicadas lee 0-305 0-256 0-459 
(EtS) CH CH eCH(SEthe © since cpcassccestscenevs 0-905 0-840 0-645 0-945 


of their optical densities, enables certain reasonable deductions to be made. The com- 
pounds used for construction of Table 5 are all trimethylene derivatives and the occurrence 
of some interaction between terminal groups is shown by a comparison of optical densities 
of solutions (5 x 10-4 mole/]. in cyclohexane) of bisethylthiomethane and 1:1:3:3- 
tetrakisethylthiopropane (see Table 5b). The density of the latter is rather more than 
twice that of the former at corresponding wave-lengths. The effect of unshared # electrons 
in the case of the last two groups in Table 5a is very noticeable. Its absence in the case 
of the sulphonium salts leads to the very much smaller optical density. 

If the maximum values of the optical densities of the unsaturated derivatives in a 
particular region, irrespective of the actual wave-lengths, are considered, it is seen 
(Table 6) that there is a decrease in the case of the sulphonium compounds, a slight increase 
for the quaternary ammonium salts, and a large increase in all the other cases. The 
relatively low concentration of the unsaturated sulphide is responsible for the small change 
in intensity of absorption for this compound. 


TABLE 6. Measured optical densities of groups attached to unsaturated chains. 


Concn. 

Group (10* moles/I.) Amax. (My) Optical density (maximum) A® 
CNBGS eidsccccchid 6-96 205 0°137 + 0-02 
CBBOMET  sccicsccene 7:28 208 0-231 0-05 
aR 7-52 216 1-31 1-31 
CSOs Me). socsescssene 6-50 208 1-38 1-33 
COP ace cca sassanecs 5-87 214 1:79 1-45 
CRC e. his ibs eccsaeges 5-0 212 1-95 0-84 
Che nis bine 9-3 234 2-62 2-54 
OSE: Sniccsncacescvences 1-4 252 0-810 0-05 


* Approx. difference between saturated and unsaturated derivatives. 


In all the cases considered, a rise in the concentration is accompanied by a fall in the 
molecular extinction coefficient but this is less pronounced for sulphides, thioacetals, and 
sulphonium salts. A marked increase in the wave-length of maximum absorption occurs 
with derivatives of elements where utilisation of d orbitals has been postulated, and since 
this is dependent on concentration it may be the result of association between two or more 
molecules. This is especially noticeable in the case of the propenylenediphosphonium 
salts (Table 1) where the maximum absorption for high concentrations (0-0117 mole/1.) 
is at 230 mu, which is reduced to 213 my when the solution is diluted about fifty times. 
8c 
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Association can be of two kinds. The first involves terminal groups only and appears 
to be marked by increased intensity of absorption with practically no change of wave- 
length. ‘This is illustrated by both the saturated and the unsaturated ammonium salts 
(Table 1) at moderate concentrations and is in conformity with the association of quaternary 
ammonium salts found by Kraus and Vingee (tbid., 1934, 56, 511) to occur in quite low 
concentrations (0-01—0-0001N) both in dioxan and in benzene. 

A second type of association involves the propene chain and depends on the possibility 
of expansion of the valency shell of the central atom of the terminal group. The easy 
interconversion of the disulphones, which does not involve the kinetically free ions 
(Rothstein, /., 1937, 317), was considered to involve transitional structures such as: 


R'SO,°CH=CH=CH’SO,'R’ R'SO,CH=-CH=CH'SO,'R’ 
i? C) i a ‘y 
—— } 
int + =, hee Ps 
R-SO,-CH—CH=CH:SO,'R’ R‘SO,,;CH=CH-—CH’SO,:R’ 


and possibly should include other structures in which more than two molecules take part. 
The sulphamoyl] derivatives (Table 2) which exhibit, to a small degree, the same batho- 
chromic effect, contain “ active ’’ hydrogen and appear to be mobile in certain circumstances 
(Part III). The effect, however, is smaller than with sulphones; this is not unexpected 
since the unshared electrons on the nitrogen atoms would tend to counteract the effects 
shown in the sulphones and give rise to mesomerism between structures of the type 


R,N~S0,- and R,N=SO,- 


Apart from reasons already mentioned, the choice of a polar solvent had the advantage 
of utilising an environment where solvation of the hydrogen ion would assist in its separation 
and so increase delocalisation of the electrons of the propene system. Solvent, however, 
should have less influence on sulphides and thioacetals (Table 3), where the non-bonding 
electrons on sulphur are available both for promotion on the d level or alternatively can 
be absorbed into the propene system (see inset). The energy required for the former 
process is probably too high for its occurrence since neither the bis- 
nor the tetrakis-alkylthiopropenes show any tendency to part with a 
proton to form an anion (this paper and Part IV, respectively). This 
is also true for sulphonium compounds (p. 4024) as might be expected from the discussion 
in Part I. This non-formation of z-bonds is probably the reason for the narrow absorption 
bands that are found for these substances. The same effect is noticed in the sulphonamides 
where the presence of the non-bonding nitrogen electrons tends to raise the promotional 
energies required to utilise the d orbitals of sulphur by the z-electrons of the carbon-carbon 
double bond; and it is significant that the narrowest absorption bands are shown by the 
N-unsubstituted sulphonamides. A similar decrease in absorption is observed in the case 
of the butenylene disulphonamides, where the methy] group tends to prevent the formation 
of an anion and also stabilises the x-electrons in the 2 : 3-positions (Part III) by resonance 
involving the structures : 


R-S—C=c- CH,- 


ey + & S 
HOH HAH, 


|C¥ : ote tee v— 
NR,‘SO,C=CH-CH,SOyNR, and NR,*SO,-C-“CH-CH-SO,'NR, 


EXPERIMENTAL 
Quaternary Ammonium Salts —NNNN’N’N’-Hexaethyl-2-hydroxytrimethylenediammon- 
ium dibromide was prepared by boiling a solution of glycerol 1 : 3-dibromide with an excess 
of ethanolic 33% triethylamine under reflux and precipitating the product with dry ether. 
It crystallised from ethanol-ligroin (b. p. 60—80°) in needles, m. p. 243—244° (Found: C. 
43-0; H, 8-7; Br, 38-4. Calc. for C,,H,;,ON,Br,: C, 42-9; H, 8-6; Br, 38-1%). The corre- 
sponding dipicrate separated from acetone-ethanol in needles, m. p. 229—-230° (Found: C, 
45-2; H, 5-7; N, 15-7. C,,H, O,,N, requires C, 45-3; H, 5-6; N, 15-6%). 
The above bromide (21 g.) was dehydrated under reflux for 15 hr. with phosphorus penta- 
chloride (25 g.) and chloroform (100 c.c.). The product was mixed with water and extracted 
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with ether, and the aqueous layer first neutralised with sodium hydroxide, then slightly acidified 
with hydrochloric acid, and evaporated to dryness. The residue was extracted with ethanol, 
the liquid filtered, and the filtrate reduced to a syrup on the steam-bath. Treatment with 
sodium picrate solution afforded NNNN‘N‘N’-hexaethylpropenylene-1 : 3-diammonium dipicrate, 
which crystallised from absolute ethanol in needles, m. p. 225° (Found: C, 46-7; H, 5-1; N, 
16-0. C,,H,,0,,N, requires C, 46-4; H, 5-4; N, 16-09%). Another sample which after repeated 
crystallisations had m. p. 215° afforded a similar analysis (Found: C, 46-5; H, 5-4; N, 15-6%). 
Since propenylenediammonium picrates do not show a depression of m. p. in admixture (Ingold 
and Rothstein, J., 1931, 1666) these may have been different geometrical isomerides. 

The quaternary diammonium dichloride was obtained by acidifying the dipicrate with 
concentrated hydrochloric acid and, after removal of the picric acid, extracting the filtrate with 
benzene (three times). Finally the aqueous layer was boiled with activated vegetable charcoal 
and filtered, and the solvent removed on the steam-bath. Final desiccation over phosphoric 
oxide afforded a colourless amorphous solid. Its structure was shown by oxidation to carboxy- 
methyltriethylammonium chloride by using the above chloride (4 g.), sodium permanganate 
(6 g.), sodium carbonate (2 g.), and water (100 c.c.) (cf. Ingold and Rothstein, loc. cit.). Two 
recrystallisations of the picrate from water completely eliminated unchanged diammonium 
salt and the m. p. was 195—196° (Found: C, 43-5; H, 5-2; N, 14-2, 14-5. Calc. for 
CygHgO,N,: C, 43-3; H, 5-2; N, 14-7%). 

Sulphur Compounds.—Derivatives of bisethylthiopropane. A solution of 1 ;: 3-bisethylthio- 
2-hydroxypropane (18 g.) in benzene (20 c.c.) was treated dropwise with thiony] chloride (8 c.c.). 
Reaction occurred in the cold and was completed by warming the mixture with a further 2 c.c. 
of the reagent for 10 min. on the steam-bath. 2-Chloro-1 : 3-bisethylthiopropane (18-2 g., 92%) 
so obtained had b. p. 127°/10 mm. (Found: C, 42-9; H, 7-5. C,H,,CIS, requires C, 42-3; 
H, 7:6%). Oxidation with 30% hydrogen peroxide furnished the corresponding sulphone 
which crystallised from ethyl acetate-ligroin (b. p. 60—80°) in needles, m. p. 82—83°. It was 
identical (mixed m. p.) with that obtained by replacement of hydroxyl in the corresponding 
hydroxy-sulphone (Rothstein, Joc. cit.) (Found: C, 32-4; H, 5-8. Calc. for C,H,,0,CIs, : 
C, 32-0; H, 5:7%). 

Alkylation, 2-Chloro-1 : 3-bisethylthiopropane was dissolved in an equal weight of nitro- 
methane, and excess of methyl iodide added. After a week, the product was extracted with 
water, and the aqueous layer washed with ether and then reduced to a small volume by dis- 
tillation in a vacuum. The residual syrup furnished 2-chloro-SS’-diethyl-SS’-dimethylini- 
methylenedisulphonium dipicrate which separated from dilute ethanol in prisms, m. p. 136° (Found: 
C, 36-9; H, 3-8; S, 9-3. C,,H,;0,,N,CIS, requires C, 37-0; H, 3:7; S, 9-4%). The chloro- 
platinate, m. p. 204°, crystallised from water (Found: C, 16-3; H, 3-3; Pt, 30-5. C,H,,Cl,S,Pt 
requires C, 17-0; H, 3-3; Pt, 30-7%). When the chloro-disulphonium dichloride was mixed 
at room temperature with one mol. of sodium methoxide in ethanolic solution, a halogen-free 
substance was obtained, which yielded a styphnate crystallising from alcohol in fine needles, 
m. p. 187° (decomp.). The styphnate was unsaturated to permanganate and was acid to 
sodium hydrogen carbonate solution. The analytical figures were unsatisfactory and a structure 
could not be assigned to the substance (Found: C, 34-9, 34-3; H, 3-3, 3-4; S, 7-3; N, 12-4%). 

1 : 3-Bisethylthiopropene.—(a) Preparation. The chloro-sulphide (20 g.) was slowly added 
to a solution of potassium (16 g., 50% excess) in tert.-butyl alcohol (150 c.c.), and the mixture 
boiled under reflux for 2 hr. The cooled liquid was mixed with water, to dissolve precipitated 
potassium chloride, and the solution extracted with ether and dried with successive small 
quantities of anhydrous potassium carbonate, the saturated aqueous solution of the reagent 
which separated being drawn off each time. The ¢ert.-butyl alcohol was removed by fractional 
distillation at 100 mm., leaving the residual 1 : 3-bisethylthiopropene, b. p. 105°/9 mm. (13-3 g., 
82%) (Found: C, 52-2; H, 8-5; S, 39-6. C,H,,S, requires C, 51-9; H, 8-6; S, 39-5%). 
Oxidation with 30% hydrogen peroxide afforded the corresponding disulphone, m. p. 117°, 
identified by comparison (mixed m. p.) with an authentic specimen (Rothstein, loc. cit.) (Found : 
C, 37-4; H, 63. Calc. for C;H,,0,5,: C, 37-2; H, 6-2%). Like the other bisalkylthio- 
propenes described below, it could be neither C-alkylated nor condensed with benzaldehyde. 

(b) Methylation. The disulphide was converted into the SS’-dimethiodide with methyl 
iodide, and an aqueous solution thereof was shaken with an excess of silver chloride. Filtration 
and distillation in a vacuum afforded a syrup which furnished SS’-diethyl-SS’-dimethylpropenyl- 
ene-1 : 3-disulphonium dipicrate, separating from ethanol in prisms, m. p. ca. 185°, very soluble 
in both ethanol and water (Found: C, 38-4; H, 4-0; S, 9-0. C,,H..4O,,N,S, requires C, 38-9; 
H, 3-7; S, 9-79). Anacid styphnate crystallising from ethanol in needles, m. p. 167° (decomp.), 
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was obtained; it depressed the m. p. of styphnic acid but all the carbon analyses were low 
(Found: C, 35-4; H, 41; S, 8-9; N, 12-2%). The disulphonium dichloride was stable to 
30% hydrogen peroxide and resisted alkylation with sodium ethoxide and methyl iodide. No 
condensation product with benzaldehyde could be obtained, the unchanged sulphonium salt 
being recovered. 

Preparation of 1 : 3-Bisbutylthio-derivatives.—Addition of a solution of 1 : 3-dichlorohydrin 
(190 g.) in ethanol (200 c.c.) to an ethanolic solution of sodium n-butyl sulphide (from 127 g. 
of n-butanethiol) gave 1 : 3-bisbutylthio-2-hydroxypropane, b. p. 126°/0-3 mm. (143 g., 88%) 
(Found: C, 56-7; H,9-9; S,27-7. C,,H,,OS, requires C, 56-0; H, 10-3; S, 27-1%). Oxidation 
with hydrogen peroxide afforded 1 : 3-bisbutylsulphonyl-2-hydroxypropane, which separated 
from ethyl acetate in plates, m. p. 138—139° (Found: C, 44-4; H, 7-7; S, 21-2. C,,H,O;S, 
requires C, 44-0; H, 8-0; S, 21-39%). A benzene solution of the hydroxy-sulphide (59 g.) with 
thionyl chloride (20 g.) afforded 1 : 3-bis-n-butylthio-2-chloropropane, b. p. 130°/0-5 mm. (46 g., 
72%) (Found: C, 61-3; H, 8-5; Cl, 14-0. C,,H,,CIS, requires C, 51-9; H, 9-0; Cl, 13-9%), 
and an unidentified fraction, b. p. 95°/0-5 mm. Oxidation of either fraction furnished 1 : 3- 
bis-n-butylsulphonyl-2-chloropropane, m. p. 105° (from ethyl acetate) (Found: C, 41-3; H, 6-9. 
C,,H,,0,CIS, requires C, 41-6; H, 6-9%). 

1 : 3-Bisbutylthio-2-chloropropane (46 g.) was converted into 1 : 3-bis-n-butylthiopropene, 
b. p. 104—106°/0-1 mm., by a boiling solution of potassium (9 g.) in ¢ert.-butyl alcohol (Found : 
C, 60-4; H, 10-4; S, 29-4. C,,H,.S, requires C, 60-6; H, 10-1; S, 29-4%). The corresponding 
1 : 3-bis-n-butylsulphonylpropene separated from ethyl acetate in prisms, m. p. 80—-81° (Found : 
C, 46-5; H, 8-0; S, 22-8. C,,H,,0,S, requires C, 46-8; H, 7-8; S, 22-7%). 

Methylation of Bis-n-butylthiopropene.—The disulphide (10 g.) was left with methyl iodide 
(20 c.c.) in the dark for 24 hr. Nitromethane (10 c.c.) was then added and the mixture kept 
for a further 24 hr. Water was added, the organic layer separated, and the aqueous layer 
washed with chloroform and shaken for 12 hr. with silver chloride (40 g.). After filtration the 
liquid was evaporated to a small bulk in a vacuum at 30°, a syrup being obtained which crystal- 
lised in a vacuum-desiccator over phosphoric oxide to a highly deliquescent solid. Derivatives 
needed care in preparation owing to their great solubility in both water and ethanol. SS’-Di- 
n-butyl-SS’-dimethylpropenylene-| : 3-disulphonium dipicrate crystallised from ethanol in prisms, 
m. p. 68—69° (Found: C, 41-9; H, 5-0; N, 12-1. C,;H3,0,4N,.5, requires C, 42-5; H, 4-5; 
N, 11-9%). The distyphnate separated from ethanol in needles, m. p. 71—72° (Found: C, 
39-9; H, 4-6; S, 9-2; N, 11-6. C,;H3,,0,,.N,S5, requires C, 40-7; H, 4-3; S, 8-7; N, 11:3%), 
which dissolved in sodium hydrogen carbonate solution. 

Preparation of 1-Butylthio-3-ethylthio-derivatives—An ethanolic solution of 1-chloro-3- 
ethylthiopropan-2-ol (82 g.) was slowly added to a stirred solution of sodium n-butyl sulphide 
(from 54 g. of n-butanethiol), and the reaction completed on the steam-bath for 20 min. 
Fractionation of the product yielded a small amount of bis-n-butylthiopropan-3-ol (pre- 
sumably from some unchanged dichlorohydrin in the starting material), the main product 
being 1-n-butylthio-3-ethylthiopropan-2-ol, b. p. 105—107°/0-1 mm. (74 g.) (Found: C, 51-5; 
H, 9:6; S, 30-1. C,H,,OS, requires C, 51-9; H, 9-6; S, 30-89%). Oxidation yielded 1-n- 
butylsulphonyl-3-ethylsulphonylpropan-2-ol, crystallising from ethyl acetate in prisms, m. p. 
120° (Found: C, 40-2; H, 7-5; S, 23:8. C,H,,O,;S, requires C, 39-7; H, 7-3; S, 23°5%). 
The chloro-disulphide with thionyl chloride in benzene afforded 1-n-butylthio-2-chloro-3-ethyl- 
thiopropane, b. p. 112°/0-05 mm. (92%) (Found: C, 48-0; H, 8-8; Cl, 16-0. C,H,,CIS, requires 
C, 47-7; H, 84; Cl, 156%), oxidised to 1-n-butylsulphonyl-2-chloro-3-ethylsulphonylpropane, 
m. p. 73° (from ethyl acetate) (Found: C, 37-3; H, 7-0; S, 22-0. CyH,,O,CIS, requires C, 
37-2; H, 6-6; S, 220%). Impure products were obtained when the bisalkylthiopropane was 
converted into the unsaturated sulphide. The latter, and the corresponding sulphone and 
sulphonium salts, were prepared by another method (to be described later). 

Saturated Sulphur Derivatives.—1 : 3-Bis-n-butylthiopropane, obtained in 87% yield from 
trimethylene bromide and sodium n-butyl sulphide, had b. p. 161°/11 mm. (Found: C, 60-1; 
H, 11-6; S, 28-9. C,,H,,S, requires C, 60-0; H, 10-9; S, 29-1%). The corresponding 
1 : 3-bis-n-butylsulphonylpropane, m. p. 158°, crystallised from ethyl acetate (Found: C, 46-8; 
H, 8-3; S, 22-2. C,,H,,0O,S, requires C, 46-5; H, 8-5; S, 22-5%). The dimethiodide was 
obtained by boiling 1 : 3-bis-n-butylthiopropane with a solution of methyl iodide in nitro- 
methane, and was converted into the dipicrate, which separated from dilute alcohol in plates, 
m. p. 153—154° (Found: C, 42-7; H, 4:8; N, 11-8; S, 8-7. C,;H;,0,,N,S, requires C, 42-5; 
H, 48; N, 11:9; S, 91%). 

Preparation of Benzylammonium and Benzylphosphonium Salts.—Benzyltrimethylammonium 
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picrate was recrystallised several times and converted into the chloride, m. p. 232° (decomp.), 
which was dried over phosphoric oxide (Found : C, 64-4; H, 8-1; Cl, 20-0. Calc. forC,)H,,NCI: 
C, 64-7; H, 8-6; Cl, 19-7%). 

Equimolecular quantities of benzyl chloride and tri-n-propylphosphine (Part II) were boiled 
under reflux in ethanol, and the very deliquescent phosphonium salt precipitated with dry 
ether. This yielded benzyltri-n-propylphosphonium picrate, needles (from ethanol), m. p. 105° 
(Found: C, 55-0; H, 6-0. C,.H3;,0,N,P requires C, 55-1; H, 6-2%). Treatment with hydro- 
chloric acid yielded the chloride, m. p. 168° (Found: C, 67-5; H, 9-8; Cl, 11-9. C,,H, CIP 
requires C, 67-0; H, 9-8; Cl, 12-4%). 

The Chemical Society is thanked for a grant to one of us (E. R.). 
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820. The Thermochemistry of Organo-boron Compounds. Part III.* 
Trisdimethylaminoborine, B(NMe.)3. The Strength of the Boron- 
Nitrogen Link. 

By H. A. SKINNER and N. B. SMITH. 


The heat of hydrolysis of trisdimethylaminoborine in nN-hydrochloric acid 


has been measured at 25°: AH,». = —68-8 + 0:3 kcal./mole. From this, 
the heat of formation of liquid trisdimethylaminoborine is derived: 
AHf°[B(NMe,),,liq.] = —77-1 + 1-0 kcal./mole. 


The mean bond dissociation energy of the B~NMe, bond in B(NMe,),; 
is obtained relative to the N-H dissociation energy in dimethyl- 
amine: D(B-NMe,) = D(H-NMe,) — 4:3. kcal./mole. An estimate of 
D(H-NMe,) ~ 94 kcal. /mole is made, leading to D(B-NMe,) = 89-7 kcal. /mol. 

Mean bond energy term values, /(B-N), in trichloroborazole and in trisdi- 
methylaminoborine are obtained in good agreement with one another. The 
differences between the bond dissociation energies of some B-O and B-N 
linkages in the covalent and the co-ordinate forms are examined and 
discussed. 


TRISDIMETHYLAMINOBORINE is a colourless oil that floats on water, and is but slowly 
hydrolysed at room temperature. In acid solution, however, hydrolysis is much faster, 
and hydrolysis in N-hydrochloric acid proved to be a suitable reaction for thermal study. 
The products of hydrolysis—boric acid and dimethylamine hydrochloride—are both of 
known heat content, so that the heat of hydrolysis enables the heat of formation (AH/°) 
of the borine derivative to be determined. Thence an estimate of the strength of the 
B-N bond can be made. 
EXPERIMENTAL 

Preparation of Compounds.—Wiberg and Schiister (Z. anorg. Chem., 1933, 213, 94) have 
described the preparation of trisdimethylaminoborine by interaction of dimethylamine and 
boron trichloride. We used Coates’s modification of this method (J., 1950, 3481). Boron tri- 
chloride, dissolved in dry pentane, was added slowly with stirring to a solution of dimethylamine 
in pentane, cooled in ice-salt. Six equivs. of dimethylamine were used for each equiv. of boron 
trichloride. The solid products formed (mainly dimethylamine hydrochloride) were separated 
by filtration, and the excess of pentane was distilled away via a filter pump. The remaining 
liquid was distilled through a 6” steel-gauze-packed column under reduced pressure. The 
fraction of b. p. 43°/12 mm. was retained. After further distillation in vacuo, the pure product 
was collected and sealed in thin weighed glass ampoules. 

Calovimeter.—The calorimeter has been described previously (Skinner and Smith, Trans. 
Faraday Soc., 1953, 49, 601). The ampoules were broken under 500 c.c. of N-hydrochloric acid 
in the Dewar vessel, and the temperature changes followed in terms of the resistance changes of a 
shielded thermistor element immersed in the solution. Hydrolysis was normally complete 
within 5 min. The calorimeter was calibrated electrically by the substitution method. 


* Part II, Skinner and Tees, /., 1953, 3378. 
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Units.—All heat quantities are given in thermochemical calories, defined by 1 calorie = 
4-1840 abs. joule. 
Results.—The observed heats, AH,»,, refer to the reaction system 
B(NMe,),(liq.) +- 3H,O(liq.) + (” + 3)HC1(54H,O) —» 

(H;BO, + 3NH,Me,Cl,54H,O],nHCI(54H,O) . . (1) 
where the excess of hydrochloric acid is denoted by ». The values of AHf°[B(NMe,),,liq.] were 
derived from the thermochemical equation appropriate * to eqn. (1), viz. 

AHf°B(NM?,);,liq. = AHf°[H,;BO;,54nH,O] + 34Hf°[NH,Me,Cl,18”H,O] 
—3AHf°(H,O,liq.] — 3AHf°[HC1,54H,O] — AHgps . (2) 
The following thermal data were assumed when using eqn. (2): AH/°[H,BO,,5000H,O] = 
257-33 (-+-0-4) kcal./mole (Prosen, Johnson, and Pergiel, Nat. Bur. Stand. Report, No. 1552, 


avi 
1953); AHf°[NH,Me,Cl,2000H,O] = —70-775 kcal./mole (from the ‘‘ Selected Values of 
Chemical Thermodynamic Properties,’’ Nat. Bur. Stand., Washington, Circular No. 500) ; 
AHf°(H,0,liq.] = —68-317 kcal./mole (N.B.S. tables) ; AHf°fHC1,54H,O)] = —39-595 kcal. /mole 


(N.B.S. tables). 
A selection from the results obtained is given in Table 1. 


TABLE 1. Heat of hydrolysis of B(NMe,), in N-HCI. 
AHf°[B(NMe,)s,liq.] 


Expt. B(NMe;).(g.) ™ — AH ors. (kcal.) (kcal. /mole) 
1 0-6774 106 68-63 —77°29 Mean values : —AHy,_, 68-80 
2 0-6660 108 68-92 — 77-00 kcal. 
3 0-6694 107 68-66 — 77-26 
4 0-6666 108 68-79 —77-13 AHf° —77-12 kcal. /mole. 
5 0-6594 109 69-01 — 76°91 


The overall error limits in AH ps, are estimated at -++ 0-3 kcal./mole, and in AHf° at +-1-0 kcal./mole. 


DISCUSSION 
Burg and Randolph (J. Amer. Chem. Soc., 1951, 73, 953) have measured the vapour 
pressure over a range of temperature for trisdimethylaminoborine, and from their data the 


heat of vaporisation, AH, = 11-2 +. 0-2 kcal./mole, may be derived. By combining this 
with our value for AH/°[B(NMe,),,liq.], the heat of formation of gaseous trisdimethylamino- 
borine is obtained as AHf°[B(NMe,)3,g.] = —65-9 -+ 1-2 kcal./mole. 


We define the mean bond dissociation energy of the B—N bond in B(NMe,), as equal to 
one-third of the heat of the disruption process 


B(NMe,)3(g.) — B(g.) + 3NMe,(g.): AH = 3D(B-NMe,) . . (3) 
The thermal equation appropriate to eqn. (3), 
AH = AHf°(B,g.) + 34Hf°(NMe,,g.) — AHf°[B(NMe,)3.g.] . . (4) 


and the values AH/°(B(NMe,)3,g.] = —65-9 4- 1-2 kcal./mole, and AH/°(B,g.) = 97-2 
kcal./mole (N.B.S. tables), enable us to write 
D(B-NMe,) = AH/3 = 54-5 (0-4) + AHf°(NMeyg.) . . . (5) 
Eqn. (5) may be presented in an alternative form, replacing the unknown AHf°(N Mey,g.) 
in terms of the bond dissociation energy, D(H-NMe,), in dimethylamine. We have 
D(H-NMe,) = AHf°(NMeg,g.) + AHf°(H,g.) — AHf°(NMe,H,g.) . . (6) 
which, with the values AHf°(H,g.) = 52-1 kcal./mole, and AH/°(NHMe,,g.) = 
-6-6 kcal./mole (N.B.S. tables), simplifies to 
AHf°(NMe,,g.) = D(H-NMe,) — 58-7 kcal./mole . . . . (7) 
Substituting eqn. (7) into eqn. (5) gives, 
D(B-NMe,) = D(H-NMe,) — 4:3 kcal./mole ag: hu geome 


* Eqn. (2) neglects the heat of mixing of boric and hydrochloric acids, which is presumed to be 


small at the dilutions employed. 
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Szware (Proc. Royal Soc., 1949, A, 198, 267, 285) obtained the value D(H-NH,) = 
104 + 2 kcal./mole from kinetic studies on the pyrolysis of hydrazine, and a less reliable 
figure, D ~ 100 kcal./mole, from studies with benzylamine. An experimental determin- 
ation of D(H-NMe,) has not yet been made, but it seems probable to us that D(H-NH,) > 
D(H-NMe,). It is established that the C-H bond dissociation energies in paraffin 
hydrocarbons decrease along the series D(H—CH,) > D(H-CH,Me) > D(H-CHMe,); the 

ee H-CHg 

difference oe pen 
Trans. Faraday Soc., 1952, 48, 220). An analogous trend, and for similar reasons (Roberts 
and Skinner, ibid., 1949, 45, 339), might be expected in the series D/(H-NH,), D(H-NHMe), 
D(H-NMe,). Here the falling trend may be sharper than in the hydrocarbon series—an 
analogy is the large difference (ca. 20 kcal./mole) between D(H—OH) and D(H—OMe). These 
considerations, together with the value D(H-NH,) = 104 kcal./mole, lead us to an 
estimated D(H-NMe,) of ~94 kcal./mole, and thence, from eqn. (8), to D(B-NMe,) = 
89-7 kcal. /mole. 

Van Artsdalen and Dworkin recently (J. Amer. Chem. Soc., 1952, 74, 3401) measured 

the heat of hydrolysis of trichloroborazole (1), from which they derived 


being ca. 8$ kcal./mole (cf. Pritchard, Mortimer, and Skinner, 


NH-BCIl 
Bat wu AHf°(B,NgH,Cl scryst.) == —252-2 kcal./mole. This should now be 
Midi iil a Ngttghig,Cry | } 
NH-BCI amended [making use of Prosen’s value (loc. cit.) for the heat of form- 
(I) ation of boric acid] to AH/? = —258-5 kcal./mole. An estimate of 


the mean bond energy term value, £(B-N), in trichloroborazole may be made as follows : 
(i) AHf°(B,N3H,Cly,g.) = —241-4 kcal./mole; (ii) heat of atomisation of B,N,H,Cl, = 
(776-3 + 3D/2) kcal., where D = dissociation energy of N,; (ili) D(B-Cl) in BCl, = 
93-9 kcal./mole (Skinner and Smith, Joc. cit.); (iv) D(N-H) in NH, = 55-8 + D/6 
kcal./mole; (v) assume that D(B-Cl) in BCl,, and D(N-H) in NH, may be carried over 
unchanged to the trichloroborazole molecule; then E(B-N) = (54-5 + D/6) kcal./mole. 
The heat of dissociation of nitrogen is not yet finally established, and the choice rests 
between two values, D(/(N==N) = 171-2 and 225-8 kcal./mole (cf. Springall, Trans. Faraday 
Soc., 1947, 48, 177). The “low” value of D gives E(B—-N) = 83-0 kcal./mole, and the 
“high ” value, E(B-N) = 92:1 kcal./mole. 

The good agreement between our value for D(B-NMe,) and the higher alternative of 
the E(B-N) values cannot be regarded as evidence for the “ high” dissociation energy of 
Ny. The D, E, symbolism here used is purposeful (cf. Springall and Skinner, Nature, 1948, 
162, 343), the former referring to an experimentally observable fact, whereas the latter 
is derived from assumptions not in themselves observable by experiment [in this particular 
case, the assumptions (v) of the previous paragraph}. The presumption of an identity 
between a D and an E value involves deeper assumptions, that usually cannot be verified, 
and is a risky, if not a questionable, procedure. 

If comparison between the B-N energies in B,N,H,Cl, and BN,C,H,, were sought at 
all, it were best in terms of E values in both cases. For example, we might carry over 
D(N-H) from NH, to the NHMe, molecule, giving E(N-Me) = (D/6) + 34-0, and then 
carry this over to BN,C,H,., to obtain E(B-N) = (D/6) + 51-5 kcal./mole. The comparison 
with E(B-N) in B,N,H,Cl, is close, and one might, with some empirical justification 
(cf. Skinner, Trans. Faraday Soc., 1945, 41, 645; Evans, Proc. Roy. Soc., 1951, A, 207, 1), 
deduce from this that the nature of the B—N bonding—as reflected in, ¢.g., the bond 
length—is similar in both molecules. 

Van Artsdalen and Dworkin (loc. cit.) drew attention to the large differences in energy 
and length of the B—N linkage in its covalent and its co-ordinate form, and similar 
differences are shown by the covalent and the co-ordinate form of the B—O linkage. Bauer 
and Beach (J. Amer. Chem. Soc., 1941, 63, 1394) from an electron-diffraction study found 
r(B-O) in methyl borate = 1-38 +. 0-02 A, whereas in the boron trifluoride—dimethy] ether 
complex Bauer, Finlay, and Laubengayer (7b7d., 1943, 65, 889; 1945, 67, 339) obtained 
r(B<—O) = 1-50 +. 0-06 A. The structure of trisdimethylaminoborine has not been 


re 
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determined, but (see above) we may expect the B-N bond to be of similar length to that in 
trichloroborazole, where r(B-N) = 1-41 +- 0-01 A (Coursen and Hoard, ibid., 1952, 74, 
1742), compared with the value r(B<«—N) = 1-58 A found by Geller and Hoard (Acta Cryst., 
1950, 3, 121) in the boron trifluoride-methylamine complex, and 7(B<—N) = 1-585 A in 
the boron trifluoride-trimethylamine complex (tbid., 1951, 4, 399). The differences in 
bond energy between the covalent and the co-ordinate links are even more pronounced 
than are the differences in bond length. Table 2 summarises some of the relevant 
experimental data available. 


TABLE 2. Dissociation energtes of co-ordinate and covalent links.* 


Bond Energy (kcal.) AD Bond. Energy (kcal.) AD 
D(B-OMe) in B(OMe),... 103-0 } 89-1 D(B-NHMe)_ ............4.. (94) ¢ 6-4 
D(F,;B<@—OMe,)  ......... 13-9? D(Me,B<@—NH,Me) ...... i76¢ § ! 
D(B-OEFt) in B(OEt), ... 104-7 } 92:2 D(B-NMe,) in B(NMe,), 89-7 } 10-4 
D(F,B<—OEt,) ......... 12-5 sii D(Me,B<@-NHMe,) ...... 19-3 ¢ 61.7 
D(B-NH,) .........00000006. (997) # 85-9 D(FyB<@—NMe;) ..........-. (28) 4 
D(Me,B<@—NH; ) ......... 13-8 4 } ot’ 10 
D(F,;B<—NH,) ............ (17 + 10)°¢ ort 


* Charnley, Mortimer, and Skinner, J., 1953, 1181; cf. J., 1952, 2288. ° Laubengayer and Finlay, 
J. Amer. Chem. Soc., 1943, 65, 884. ¢ Estimated; the values D(B-NR,), where R = H or Me, are 
assumed to vary in the same way as D(H-NR,). 4% Brown, Bartholomay, and Taylor, J. Amer. Chem. 
Soc., 1944, 66, 435. * An estimate based on the heat of formation of crystalline BF,,NH, (Lauben- 
gayer and Condike, ibid., 1948, 70, 2274) and an estimated heat of crystallisation of 25 + 10 kcal./ 
mole. Sucha high sublimation energy seems probable, in view of the evidence of appreciable hydrogen- 
bonding in the crystal (Hoard, Geller, and Owen, Acta Cryst., 1951, 4, 405). The value of D(F,B<q— 
NH,) = 9 kcal./mole, quoted by Skinner (“‘ Cationic Polymerization,’’ ed. P. H. Plesch, Heffer & Co. 
Ltd., Cambridge, 1953) isanerror. J Phillips, Hunter, and Sutton, /., 1945, 146; cf. Burg and Green, 
J. Amer. Chem. Soc., 1943, 65, 1839. 

* See note added in proof, J., 1953, 3383. 


The column headed AD gives differences between covalent- and co-ordinate-bond 
dissociation energies in examples which are strictly comparable. Some of the values given 
are less certain than might be desired, but the AD values are in all cases large enough to 
leave no doubt of the weakness of the co-ordinate linkage relative to its covalent counter- 
part. 
The variations shown in the AD values are of interest, particularly in view of the recent 
discussions by Mulliken (J. Amer. Chem. Soc., 1952, 64, 811) on the stability of co- 
ordination complexes. It is noticeable that the AD values in the B-N series fall as the 
donor changes progressively from NH, to NMes, and this trend may be correlated with the 
fall in ionisation potential of the donor molecules [Sugden, Walsh, and Price, Nature, 1941, 
148, 372, give I(NH,) = 10-8 ev, J(NH,Me) = 9-8 ev, JI(NHMe,) = 9-6 ev, and J(NMes) = 
9-4ev; Morrison and Nicholson (J. Chem. Phys., 1952, 20, 1021) give J(NH,) = 10-52 ev 
and J(NH,Me) = 9-41 ev]. The point has been discussed elsewhere by Skinner (‘‘ Cationic 
Polymerization,” of. cit.) in terms of a description of the co-ordinate link similar to, but 
less complete than, that of Mulliken (/oc. cit.). The trend of AD in the B-O series, on the 
other hand, is apparently the reverse of that in the B-N series [Sugden, Walsh, and Price 
(loc. cit.) give I(Me,O) = 10-5 ev and J(Et,O) = 10-2 ev], but the variations here are barely 
large enough to merit serious consideration. 

Hoard, Geller, and Owen (loc. cit.) have commented on the instability of the complex of 
methyl cyanide and boron trifluoride, which exists in the crystalline form only, and is 
completely dissociated in the vapour phase. The inference is that D(F;,B<—NCMe) is 
small, if not zero. It is relevant that the ionisation potential of methyl cyanide is 
appreciably larger than that of ammonia [Morrison and Nicholson (loc. cit.) give (MeCN) - 
12-39 ev}, and that this would lead us to expect a much weaker bond than is found in the 
ammonia~boron trifluoride complex. 


UNIVERSITY OF MANCHESTER. [Received, July 17th, 1953.] 
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821. Hydrothermal Chemistry of Silicates. Part IV.* Rubidium 
and Cesium Aluminosilicates. 


By R. M. Barrer and N. McCatium. 


Hydrothermal crystallisation of rubidium aluminosilicate gels, in 
the temperature range 160—450° and over the composition range 
Rb,O,Al,03,nSiO, where 1 <<» < 10, has yielded six new mineral type 
species. These included two modifications of the rubidium counterpart of 
analcite, and also the rubidium form of potash felspar. Crystallisation of the 
corresponding ca#sium aluminosilicate gels under the same conditions 
yielded two compounds of which one was a pure cesium pollucite while the 
other has no naturally occurring analogue. Two of the rubidium compounds 
were hydrated and one of these at least was probably a zeolite. 

The mutual solid solubility of several pairs of crystal species with allied 
structures was studied by crystallisation of the appropriate aluminosilicate 
gels containing various proportions of two cations. It was found that 
thallium can replace rubidium in the rubidium felspar over a wide but not 
complete range of cationic composition, while it is likely that rubidium and 
potassium felspars are miscible in all proportions. The structurally similar 
compounds Cs,0,A1,0;,2SiO, and Rb,O,Al,0,,2SiO, form a continuous 
range of solid solutions. 


RuBIDIUM and cesium are often concentrated together during magmatic differentiation. 
However, probably owing to their chemical similarity to potassium, they do not form 
species of their own but instead give isomorphous replacement of potassium, sodium, and 
one or two other elements. So much is this the case that no natural rubidium alumino- 
silicates are known, and only one cesium aluminosilicate. This is the mineral pollucite 
which may be formulated as (Cs,Na;_z).0,A1,0,,4Si0,,2(1 — x)H,O (Barrer and McCallum, 
Nature, 1951, 167, 1071). Early in the present programme H. F. Taylor (J., 1949, 1253) 
synthesised a number of relatively stable thallium aluminosilicates, thus demonstrating 
that failure to observe such aluminosilicates in mineralogy is a result only of insufficient 
concentration of this element in crystallising magmas. Barrer and White (Part I, /., 
1951, 1267) similarly added several purely synthetic lithium aluminosilicates to the 
small total of such species known to occur naturally. It may then be expected that a 
variety of rubidium and cesium aluminosilicates could be grown under laboratory 
conditions provided there is no intrinsic difficulty in accommodating these larger cations 
within framework structures. The comparable ionic radii of some of these cations are : 
K*, 1:33; Rb*t, 1-49; Tl*, 1-48; Cs*, 163A; and can explain known associations of 
K-Rb, Rb-T1, and Rb-Cs. The occurrence of Rb and Cs in lepidolite, a lithium-rich mica, 
can be understeod because all these ions occur between sheets which may move apart to 
accommodate cations of different dimensions. Such accommodations cannot always be 
made in rigid three-dimensional frameworks. Schiebold (Neues Jahrb. Min. Geol., 
Beilage-Bd., 1931, 64, A, 251) nevertheless considered on theoretical grounds that rubidum 
and cesium felspars could be formed, but no experimental work has yet been offered in 
test of this. The present paper is therefore concerned with synthetic rubidium and cesium 
aluminosilicates. 
EXPERIMENTAL 


Hydroxides of rubidium and cw#sium were prepared by the reaction M,SO, + Ba(OH), = 
2MOH + BaSO,, where M = Rb or Cs. The alkali hydroxide was then stored in absence of 
carbon dioxide. Aluminium hydroxide was obtained by the action of water upon lightly 
amalgamated aluminium. Silica gel was supplied by British Drug Houses Ltd. Hydro- 
thermal extraction of a sample of the gel at 200° gave a mother-liquor neutral in reaction and 
free from common inorganic anions. The series of gels of composition M,O,A1,03,nSiO,,mH,O 
(1 <_ < 10) were made by mixing the constituents in the correct proportions and evaporation 
to dryness on a steam-bath. 

* Part III, J., 1953, 1466. 
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The gels were crystallised hydrothermally in silver test-tubes placed inside stainless-steel 
autoclaves of a type described in Part I (loc. cit.). The crystallisations were investigated 
between 160° and 450°. After the autoclaves had been kept at a fixed temperature for a chosen 
time they were quenched in cold water. The products were then examined optically and by 
X-ray examination, and the pH of the cold mother-liquor was measured to the nearest 0-2 unit. 

Pyrolytic investigations * were carried out between 850° and 1800°. Below 1500° a furnace 
tube of ARR crystallised alumina was wound with platinum tape. Temperatures were 
measured with a Pt-(Pt + 13% Rh) thermocouple. The compositions prepared for investigation 
were wrapped in platinum envelopes and placed in a ARR alumina crucible. Equilibrium in 
the investigated compositions was approached for each temperature in two ways: by heating a 
crystallisation previously made hydrothermally, and by heating an intimate mixture of M,CO,, 
Al,O,, and SiO, (M = Rb or Cs) in the same proportions, in separate envelopes. In each case 
heating was continued until the same end-product was obtained. The crucible, after being 
heated for a given time, was air-quenched. Above 1500° a molybdenum-wound furnace was 
employed, the temperature being measured by optical pyrometer. 

Results.—Species obtained hydrothermally in major or considerable yields are given in 
Table 1, and the experiments are summarised in Table 2. Species A (Plate 1) and F (Plate 2) 


TABLE 1. Synthetic rubidium and cesium aluminosilcates. 


Ref. letter Oxide formula Name Ref. letter Oxide formula Name 
A Rb, O, Al,O,,2Si0, — D Rb,O, Al,O;,2Si0,,H,O — 
B Rb,O, Al,O,,4Si0, Rb-analcite I * E Rb,O,A1,03,6Si0O,,H,O — 
H Rb,O,A1,0,,4S5i0, Rb-analcite II * F Cs,0,Al,03,2Si0O, —_ 
C Rb,O,Al,03,6SiO, Rb-felspar G Cs,0,A1,03,4Si0, Pollucite 


* See following paper (Part V). 


TABLE 2. Hydrothermal crystallisations of hydrated gels under alkaline conditions. 
(1) Rb,O,A1,0,,nSiO,. 
Crystallisation temperatures 


Value , ‘ 
of n 165° 180° 200° 250° 300° 350° 400° 450° 
1 — <A+D A A A A A A 
2 D D A A A A A A 
3 — D B+A B+A B+A B+A B+A B+A 
4 -- D B B B B B B 
5 — B B B B B B B 
6 E E H H Cc Cc Cc Cc 
7 E H H + quartz C + quartz C + quartz C + quartz C + quartz 
- E H H + quartz C + quartz C+ quartz C+ quartz C + quartz 
9 -- E H H + quartz C + quartz C+ quartz C+ quartz C + quartz 
10 — — H H + quartz C + quartz C+ quartz C+ quartz C + quartz 
f (2) Cs,O, Al,O,,nSiO,. 
160° 200° 250° 300° 350° 400° 450° 
1 G+F F F F F F F 
2 G G F+G F F F F 
3 — G G F+G F+G F+G F+G 
4 G G G G G G G 
5 G G G G G G G 
6 G G G + quartz G+ quartz G+ quartz G+ quartz G + quartz 
7 G G G + quartz G+ quartz G+ quartz G+ quartz G + quartz 
8 G G G + quartz G-+ quartz G+ quartz G+ quartz G + quartz 
9 a G G + quartz G+ quartz G+ quartz G + quartz G + quartz 
10 G G G + quartz G+ quartz G+ quartz G+ quartz G + quartz 


have, according to the X-ray data of Table 4, the same aluminosilicate framework, the cesium 
compound being slightly expanded relative to the rubidium one. There is also a less striking 
similarity between A and F and the species T1,0,A1,0,,2SiO, (H. F. Taylor, loc. cit.). Refractive 
indices of A and F were respectively 1-531 and 1-574. The rubidium compound appeared as 
very small apparently isotropic crystals. It gave no evidence of exchange with saturated 
aqueous potassium chloride or cesium sulphate at 110° during 4 days. The melting points of 
both A and F were above 1750°. 


* Experiments above 1500° were carried out in the laboratories of Dr. L. R. Barrett, Chemical 
Engineering Dept., Imperial College of Science and Technology, London. 


PLATE 1 


Spee les A 
(Rb,O, Al,O,,2Si0,) 
from gel (1: 1:2) + excess RbBOH (pH 10-5) at 350°. 


Electron micrographs ave at magnifications of 6500 (left) and 7000 (right) 


PLATE 2 


Interpenetration twin (left) and a typical preparation (right) of 
Species F, 


(Cs,O, Al,O;,2Si0, 


from gel 1: 1:2 at 400 Electron micrographs ave at magnifications of 8000. 


To face p. AV30, 


PLATE 3. 


‘? 
ee 


7. 
Species C 
(Rb,O, Al,O05,6510,) 
as central felspathic crvstal, together with some quartz, 
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The mutual solid solubility of A and F was studied by crystallising gels (Rb,Cs),0,A1,0,,2SiO, 
of several cationic proportions. In each crystallisation only optically uniform crystals were 
formed, and X-ray d-spacings increased in an approximately linear manner with the refractive 
indices (Table 3). The R.I.’s and therefore the X-ray spacings may be assumed proportional 
to the molar compositions, and the data indicate continuous solid solubility of the two end 
members. 


TABLE 3. Relation between typical X-ray spacings and refractive indices of solid 
solutions * of A and F. 


Crystals Pure A Solid soln., 1 Solid soln., 2 Pure F 

n 1-531 1-540 1-557 1-573 
d-Spacings ............ 3-18, (vs) 3-194 (vs) 3-22, (vs) 3-23, (vs) 
2-90, (w) 2-91, (w) 2-93, (w) 2-95, (w) 

2-77, (w) 2-78, (w) 2-80, (w) 2-81, (w) 

2-66, (s) 2-67, (s) 2-69, (s) 2-70, (s) 


* The gels of all cationic compositions were crystallised at 350°. The pH’s of cold mother-liquors 
after crystallisation were all between 7 and 8. 


Species B and H both appeared, according to the X-ray data of Table 4, to be tetragonal. 
Spacings for B were indexed to give for the unit cell a = 13-2 and c = 13-6 A, and those of H 
gave a = 13-6, and c = 13-3;. The mean R.I. of species B was 1-52, and its m. p. was 
1675° + 15°. That of H was 1-48,, and the mineral was stable up to about 1070°, but above 
this temperature it was transformed into species B. 

Compound G has, according to the X-ray data, similarities to B and H and especially to 
the latter (Table 4). It is a pure cesium pollucite, isotropic, having m. p. >1700°, with unit 
cell edge 13-7A and with R.I. = 1-523. Different crystallisations of this mineral showed 
refractive indices ranging between 1-512 and 1-523; when it was heated above 1250° the R.I. 


TABLE 4. X-Ray d-spacings for some species of Table 1. 
Kb,0,A1,0,, Cs,0,Al,0,,  Rb,O,A1,0,;, —-Rb,O,A1,0,, —-Cs,0,A1,0,, Rb,O,Al,0,, 
2SiO, 


2Si0, 4SiO, 4SiO, 4Si0, 2Si0,,H,O 
(A) (F) (B) (H) (G) (D) 
ey ’ aaa ’ ices | a — —__—_* 
d I d I d I d I d I d 
4-63, w 4-72, Ww _ - 5°53 vw 5-64 Ww 7-95 m 
3-18 vs 3°23, vs — — 4-03 vvw _ -— 3-71, m 
2-90, w 2-95, w 3-61 s 3-63 m 3-65 s 3-48, vw 
2-77 w 2-81, vw 3:40, s 3-39 vs 3°43 vs 3-25, vs 
2-66, s 2-70, s 3-31 vs _ — 3-11, s 
2-29, w 2-34, vw 3-16 — — — — 2-965 s 
2-274 ms 2-31, mw — — — — 3:05, vw 2-41, vw 
2-17, ms 2-21, w 2:97, m — _ _ — 2-35, Vv 
2-10 w 2-15, vw 2-86, vs 2-89, s 2-91, s 1-90, vw 
2-04, w 2-09, w 2-65, s 2-65, vw 2-68, vw 1-79, mw 
1-978 m 2-002 ms —_ — 2-51, mw 2-49, m 1-74, vw 
1-191 w 1-956 vw 2-38, s 2:39, m 2-41, s 1-63, vw 
1-799 ms 1-839 m 2-29, vvw ~— _- — — 1-58, vw 
1-740 vvw — — 2-25, vw 2-197 w 2219 s - 1-54, vw 
1-705 ms 1-743 m 2-168 s 1-999 vw 2-013 mw 
1-685 w — — 2-108 vvw 1-962 vvw 1-976 w 
1-650 vw 1-685 vw 1-968 m 1-328 w 1-862 s Rb,O,Al,0,, 
1-618 ms 1-649 m 1-855 w 1-702 mw 1-737 s 6Si0,H,O 
1-584 m 1-614 mw 1-815 m 1-695 vVVw 1-710 vw (E) 
1-557 m 1-588 w 1-733) Ww 1-545 vvw 1-681 vvw x 
1-535 m 1570 vvw 1695 m 1:395 vvw 1659 vvw * 25 I 
1-492 m 1-524 w 1-658 vw 1-340 vVvVw 1-634 vw 4-32 vs 
1-451 mw 1-486 w 1-616 mw 1-290 vvw 1-591 vw 3-34 vs 
1-387 ow 1-410 w 1584 vw 1-268 vvw 1-550 w r+ ao 
1-331 w = a 1557 w 1-529 mw 2-51. s 
1-316 w 1-345 vVVw 1-527 vvw 1-475 w 2 35. mw 
1-276 ms 1-299 m 1-493. vvw 1-411 w 2.29° m 
1-266 m 1-289 mw 1-457  vvw 1-396 vw i—_ a=: 
1-227 m 1-249 vvw 1-390 vw 1-354 mw 1-45. 2 
1-201 m 1-225 w 1:361 vw 1305 m 
1-329 vw 1-283 vvw 
1-263 w 1-258 vw 
1-219 w 
1-181 w 
1-116 ow 
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always changed to 1-523. There was no significant difference in d-spacings between crystals of 
lower and higher refractive indices. 

Compound C (Plate 3) showed moderate birefringence with y = 1-529 and a = 1-524. 
Crystal habit and the X-ray data of Table 4 indicated that this substance belonged to the 
felspar group. Between 910° and 1070° it recrystallised to species H and glass, while above 
1070° it changed to Species B and glass. 

Compound D appeared as small isotropic crystals of R.I. = 1-49; d-spacings are given in 
Table 3. This substance was examined for ion-exchange with saturated thallous sulphate 
solution at 85° for 10 days. The R.I. changed to 1-615, indicating considerable exchange. 
Similarly, on treatment with saturated cesium sulphate solution at 110° for 7 days, the R.I. 
rose to 1-510, again indicating an exchange reaction. This compound is almost certainly a 
zeolite, because a potassium analogue was subsequently prepared (by J. W. Baynham in this 
laboratory) which proved to be a zeolitic compound. 

Yields of Species E were not high, and on this account there is some doubt as to its water 
content as given in Table 1. The species was precipitated as minute, apparently isotropic 
crystals of R.I. = 1-48 and gave the d-spacings shown in Table 3. 

Solid-solubility Relations in Synthetic Felspars.—Solid solubilities of end-members in the 
important felspar group of minerals have been studied in a number of cases (e.g., Tuttle and 
Bowen, J. Geol., 1950, 58, 572; Laves, ibid., 1952, 60, 436; Donnay and Donnay, Amer. J. Sci., 
1952, 250,115). It was in this connection of considerable importance to find the extent of mutual 
replaceability of Rb and K and of Rb and TI in the synthetic rubidium felspars. This was 
particularly so because of the known association of these pairs of elements in some minerals. 
The solid solubility was investigated by crystallising hydrothermally the gels of Table 5, with 


TABLE 5. Compositions of some mixed gels in molar proportions. 


Rb,O T1,0 K,O Al,O; SiO, Nomenclature 
0-2 0-8 —- 1 6 TRA 
0-4 0-6 — 1 6 TRB 
0-6 0-4 — 1 6 TRC 
0-8 0-2 — 1 6 TRD 
0-8 — 0-2 1 4:5 KRA 
0-2 —_ 0-8 1 4:5 KRD 
0-8 —_— 0-2 1 6 KRE 


additions of aqueous rubidium or potassium hydroxide instead of water in many systems. The 
products were characterised optically, by X-ray powder photography, and in some cases by 
analysis * (Table 6). 

Crystallisation processes from gels containing thallium are rather complex, various species 
appearing over a considerable range of compositions (cf. H. F. Taylor, loc. cit.). Rubidium 
felspars did not crystallise below 300° from gels of felspar composition containing only rubidium 
as cation. Instead, compounds B and H and quartz appeared (Table 6). The thallium 
compound E in gels of mixed cationic composition occurred very frequently as inclusions in 
crystals of analcite type. Limits of solid solubility in the Tl-Rb felspar series were computed 


TABLE 6. Hydrothermal crystallisation of the mixed gels of Table 5. 
X-Ray examin- 
ation and three Initial Final K: Rb 


Optical strongest K:Rbratio ratio in 
Gel Temp Conditions examination d-spacings in gel crystals 
TRA 250 Aq. RbOH add- Rb-analcite, R.I. 1-535; Tl-cpd E + Rb- — —_ 
ed; pH 10 Tl-compound E, R.I. analcite 

1-70 
TRA 350 As above Rb-analcite, R.I. 1-535; Tl-compound E — —_— 

Tl-compound E, R.I. + Rb-anal- 

1-70 cite 
TRA 400 As above Rb-felspar, y = 1-61, Rb-felspar + TI- — —_ 

a = 1-605; Tl-com- compound E 

pound E, R.I. 1-70 
TRA 450 As above As above As above -- — 
TRB 250 As above Rb-analcite, R.I. 1:54; Rb-analcite + -—~ — 

Tl-compound E, R.I. Tl-compound 

1-70 E 


* Spectrochemical analyses of Rb and K were carried out by Dr. R. L. Mitchell of the Macaulay 
Institute for Soil Research. 
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KRA 
KRA 


KRA 


KRD 
KRD 
KRD 


KRD 
KRD 


KRE 
KRE 
KRE 


KRE 


Temp 
350 


400 
450 
250 


350 


400 


300 


350 


400 
400 
330 
330 


Conditions 
As above 


As above 
As above 
As above 


As above 
As above 


As above 


As above 
As above 
As above 
As above 


lld. Aq. KOH 
added; pH 
9-5 


3d. Aq. RbOH; 


pH 8 
6d. Aq. KOH; 
pH 10 


2d. Aq. KOH + 
RbOH; pH 10 

6d. Aq. KOH; 
pH 10 

4d. Water only; 
pH 7:5 


lld. Aq. KOH; 
pH 10 

4d. Water only; 
pH 10 


7d. Water only; 
pH 7 

5d. Aq. KOH + 
RbOH; pH 10 

12d. Wateronly ; 
pH 7 

2d. Aq. KOH; 
pH 10 


Hydrothermal Chemistry of Stlicates. 


TABLE 6. 


Optical 
examination 
Rb-felspar, y = 1:59, 
a = 1-585; Tl-com- 
pound E, R.I. 1-70 

As above 

As above 

Rb-analcite, R.I. 1-54; 
Tl-compound E, R.I. 
1-70 

Rb-felspar, y = 1-57, 
a = 1-565; Tl-com- 
pound E, R.I. 1-70 

Rb-felspar, y = 1-57, 


a = 1-565; Rb-anal- 


cite, R.I. 1-54 
Rb-felspar, y = 1-57, 
a = 1-565 
Rb-analcite, R.I. 1-525, 
and Rb-analcite, R.I. 
1-575 
Rb-felspar, y = 1-539, 
a = 1-534, and Rb- 
analcite, R.I. 1-526 
Rb-felspar, y = 1-539, 
a = 1-534, and Rb- 
analcite, R.I. 1-525 
Rb-felspar, y = 1-539, 
a = 1-534, and Rb- 
analcite, R.I. 1:52 
Crystals weakly bire- 
fringent; some with 
R.I. <1-514, most 
with RI. >1-519. 
Felspar and analcite 


Crystals with R.I. slight- 
ly >1-526. Also crys- 
tals with isotropic 
centres, but bire- 
fringent outgrowths 

Crystals with RI. 
~1-526 

Crystals with RI. 
~1-521 

Felspar of R.I. ~1-521; 
very faint bire- 
fringence 

Felspar 


Felspar with RI. 
~1-52 

Crystals of R.I. ~1-529 
and others of R.I. 
~1-523 (latter not 
identified) 

Very small crystals of 
RI. ~1-52 

Two types of crystal, 
one of R.I. ~1-521, 
and others of R.I. 
~1-529 in smaller 
amount 

Felspar of R.I. ~1-525 


Felspar of R.I. ~1-525 
Felspar of R.I. ~1-524 


Felspar of R.I. ~1-521 


(Continued.) 
X-Ray examin- 
ation and three 


strongest 
d-spacings 


Rb-felspar + Tl- 
compound E 


As above 
As above 
Rb-analcite + 


Tl-compound 
E 


Rb-felspar 
Rb-felspar 


Rb-felspar 


Rb-analcite 


Rb-felspar and 


Rb-analcite 


As above 


As above 


Felspar (3-34, 
2-87, 3-00) 


Rb-analcite (3-38, 


2-89, 1-714) 
Felspar (3-33, 
2-88, 3-00) 


Felspar 


Felspar (3-34, 
2:87, 3-00) 
Felspar 


Felspar 
Felspar 


Felspar (3-31, 
3-27, 3-00) 


Felspar (3-33, 
3-23, 3-81) 
Felspar (3-31, 
2-86, 3-44) 


Felspar (3-36, 
3-23, 3-81) 
Felspar 


Felspar and 
analcite 

Felspar (3-35, 
3-24, 3-090) 


Part IV. 


Initial Final K : Rb 

<: Rb ratio ratio in 

in gel crystals 
0-25 1-71 
0:25 1-88 
4:00 6-31 
+25 1-88 
0-25 0-94 
0-25 4-09 
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by assuming a linear relation between the R.I.’s of both end-members and all intermediate 
compositions. The pure rubidium felspar (loc. cit.) has y = 1-529 and « = 1-524, and the 
thallium end-member was taken to have a mean R.I. of 1-70, which is the value for the near- 
felspar T],0,A1,0,,6SiO, (H. F. Taylor’s Compound E). On this basis about 47 atomic % of Rb 
can be replaced by Tl in Rb-felspar. On the other hand, no replacement of Tl by Rb could be 
detected in Taylor’s Compound E. 

The pure rubidium and potassium felspars do not differ greatly in their refractive indices, so 
optical methods of studying solid solubility were not satisfactory. The analyses recorded in 
Table 6 for various mixed K~-Rb-felspars cover a considerable composition range. The 
proportion of K: Rb has increased in the crystals over that in the parent gels for all 
crystallisations. Some important d-spacings for the analysed specimens are given in Table 7, 
most of which show little change in passing from pure potassium to pure rubidium felspars. 
When, however, a change was observed, this change was progressive, allowing for minor 
fluctuations. In no crystallisation was a line characteristic of a rubidium-rich felspar observed 
alongside that of a potassium-rich felspar. It therefore seems probable that potassium and 
rubidium felspars form a continuous range of solid solutions. 


TABLE 7. Felspars (Rb, K),0,A1,05,6Si0,. 


Mol.-fraction 


of Kincrystal MeanR.I. Typical d-spacings 
— — ——————————————— _ + 
0 a = 1-524 ae -- 3-61 (s) 3-40 (s) 3°31 (vs) 
y = 1-529 
0:48 1-52, 4:24 (m) 3°79 (ms) 3:60 (vw) 3-44 (s) 3:29 (vs) 
0-63 >1-51, 4-29 (m) 3-80 (s) 3-62 (s) 3-43 (m) 3-34 (vs) 
0-65 1-52, 4-28 (m) 3:79 (s) 3-58 (ms) 3:46 (m) 3°34 (vs) 
0-80 1-52, 4-28 (s) 3°79 (s) 3-62 (m) 3°46 (ms) 3°35 (vs) 
0-84 1-52; 4-25 (s) 3-79 (s) 3-62 (m) 3-45 (ms) 3-31 (vs) 
(1-52,) 
* 1-00 a = 1-517 4-23 (s) 3-78 (s) 3-61 (vw) 3-45 (mw) 3°30 (vvs) 
y 1-523 
0 a = 1-524 3-16 (s) 2-97, (m) —: 2-86, (vs) 
y = 1-529 
0-48 1-52, _ 2-99 (w) 2-92, (w) 2-84 (mw) 
0-63 >1-51, 3-21 (s) 2-99, (s) 2-87, (s) 2-76, (w) 
0-65 1:52, 3°21 (s) 2-99, (s) 2-87, (s) 2-76, (ms) 
0-80 1-52, 3:24 (vs) 3-00, (s) 2-90,(ms) 2-77 (vw) 
0-84 1-52, 3-27 (s) 3-00, (s) 2-88, (ms) 2-76, (m) 
(1-525) 
* 1-00 « = 1-517 3-23 (vs) 2-99(ms) 2-90, (ms) 2-77 (m) 
y = 1-523 


* The synthetic pure potassium felspar was prepared by J. W. Baynham from gel of composition 
K,O, Al,O;,6SiO,,xH,O and water in 2 days at 400°. The powder pattern is nearer to that of sanidine 
than of orthoclase. 


DISCUSSION 


An interesting feature of these investigations into the chemistry of synthetic alumino- 
silicates has been a persistence and recurrence of structural types, observed usually when 
the cations are not too dissimilar in radius. Thus it has been possible to grow crystals of 
felspars (Na, K, Rb, and Ba forms) and near-felspars (Pb and Tl forms) (see Part II, /., 
1952, 1561, and Part III, loc. cit., for albite; Part III for potassium, barium, and lead 
felspars or near-felspars; and H. F. Taylor, Joc. cit., and this paper, for thallium near- 
felspar). It also has proved possible to grow various cationic forms of the purely synthetic 
compound M,0O,Al1,0,,2Si0, where M = Rb, Cs, or Tl (this paper and H. F. Taylor, 
loc. cit.). Again, the synthetic zeolite M,O,A1,0,,2Si0,,xH,O has been grown where 
M = K or Rb and where x = 1 for the Rb form and 3 for the K form (this paper). In 
Part V (following paper) we have considered minerals and mineral type compounds based 
on analcite. Here the small size of some cations (e.g., Li or Na) is compensated as against 
the larger cations (e.g., Rb, Tl, Cs) by incorporation of water molecules into Li or Na 
analcites, so that the aluminosilicate framework persists largely unaltered for many cationic 
forms. Simplification of the chemistry of synthetic aluminosilicates may be effected by 
trying to classify them into a smaller number of recognisable structural types rather than 
by considering them as individuals. 
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Although rubidium yielded a variety of crystalline aluminosilicates, caesium appeared 
in these experiments in two structures only. The reason for this is not yet clear, for it has 
been demonstrated that casium can by ion-exchange readily enter open-framework 
structures (e.g., compound D of Table 1; and also chabazite, Barrer, J., 1950, 2342). 
Similarly, during growth it may be incorporated up to 100% of the cationic composition, 
as in compounds F and G. Schiebold’s theoretical prediction (loc. cit.) that a caesium 
felspar should be formed has not been substantiated, and it therefore seems likely that this 
framework is too compact to contain such ions. The upper limit of cation size which can 
be accommodated in the felspar framework is probably about that of Rb or Tl. The wide 
ranges of replacement of Rb by TI or K in felspars are clearly in line with the tendency of 
Rb and TI, and of K and Rb to be associated in some aluminosilicates. The association of 
Rb and Cs is similarly illustrated by the analogy in structure of the compounds A and F of 
Table 1, and also of the compounds B and H with pollucite (species G). 

Under the alkaline conditions we have employed the main species formed are frame- 
work structures rather than layer lattices. This has proved to be the case for nearly all of 
the synthetic aluminosilicates of Li, Na, K, Rb, Cs, Tl, Pb, or Ba which have been grown 
in the present programme (Parts I to V and H. F. Taylor, Joc. cit.). The polarising 
power of the cations varies greatly over the above series, but this property under alkaline 
conditions has apparently little influence upon the crystal chemistry of the resultant 
aluminosilicate ion, which is nearly always of framework type. 


Our thanks are due to Imperial Chemical Industries Limited for the loan of a Hilger HRX 
X-ray diffraction unit, and to the Royal Society for a grant to purchase a Leitz research 
microscope. One of us (N. McC.) acknowleges the award of a Carnegie Senior Research 
Scholarship during the tenure of which this work was carried out. We are indebted to 
Mr. J. Gard, B.Sc., of this Department, for the electron micrographs shown in Plates 1 and 2. 
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822. Hydrothermal Chemistry of Silicates. Part V.* 
Compounds structurally related to Analcite. 


By R. M. Barrer, J. W. BAYNHAM (in part), and N. McCaLium. 


Sodium, potassium, rubidium, thallium, and ca#sium aluminosilicates 
based on the analcite structure can be synthesised directly from gels, and Li, 
NH,, Ag, and PbOH forms can be made indirectly. These compounds have 
been considered as a group, and a number of properties compared, including 
limited solid solubility of some end-members of the family, polymorphism 
and optical behaviour, relative stabilities in comparison with felspars, and 
variations of hydration, ion-exchange power, and unit-cell dimensions with 
radius of the interstitial cation. 


CONSIDERABLE study has been made in this laboratory of analcite and related structures. 
We present the results of studies of the properties of end-members of what is now 
shown to be a stable and rather extensive family of structurally related compounds, and 
where relevant summarise briefly some previously discovered features of the group (Barrer, 
J., 1950, 2342; Barrer and Hinds, /., 1953, 1879; Part IV*). 

A structure has been proposed for the cubic mineral, analcite (Na,O,A1,0,,4Si0,,2H,0), 
by W. H. Taylor (Z. Krist., 1930, 74, 1) and it is also clear that pollucite 
[(Na,Cs,_z)s0,A1,03,4Si0,,2xH,O] has a unit cell of the same size as, and is virtually iso- 
structural with, analcite (e.g., Barrer and McCallum, Nature, 1951, 167, 107 ; Barrer, loc. cit.). 
Leucite, which changes on heating from a low-temperature tetragonal to a high-temperature 
cubic variety (Wyart, Bull. Soc. frang. Min., 1940, 63, 5), is also based on an aluminosilicate 
framework closely allied to that of analcite (idem, ibid.; Naray-Szabo, Z. Krist., 1942, 104, 


* Part IV, preceding paper. 
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39). Many syntheses of each of these naturally occurring variants of analcite have now 
been effected (Barrer, Discuss. Faraday Soc., 1949, 5, 326; Part II, Barrer and White, /., 
1952, 1561; Barrer, J., 1950, 2342; Barrer and Baynham, in preparation; Barrer and 
McCallum, Part IV *). In addition, purely synthetic Ag, NH,, Li, Tl, and Rb structures 
of the same type have been prepared (H. F. Taylor, J., 1949, 1253; Barrer, J., 1950, 
2342; Barrer and McCallum, Part IV; Barrer and Hinds, loc. cit.). Some members have 
proved more stable than corresponding felspars, and in certain directions the analcite 
group shows a remarkable range in properties. 

Immiscibility Gaps in Analcite Crystals containing two Cations.—The procedure 
described in Part IV (loc. cit.) was adopted to investigate mutual solid solubility in the 
systems T1,0,A1,0,,4Si0,-Rb,O,A1,0,,4Si0,; T1,0,A1,03,45i0,—Na,0,A1,03,4Si0,,2H,0 ; 
Na,O,Al, 0, 4Si0, ,2H,O-Cs,0, Al 20,4510, ; Rb, O,A1,0;,4SiO-K,0,A1,0,,4Si0,; and 
Rb, gO, A1,03,4S5i0,—Na,0,Al,05,4Si0,,2H,O. Gels containing two cations were crystallised 
hy drothe rmally and the crystals studied optically and by X-ray powder photography. 

The gels of different cationic compositions are summarised in Table 1. In all these 
gels the ratio of total bases : alumina: silica == 1: 1:4 as in analcite. Typical results of 
the hydrothermal crystallisations of the gels in Table 1 are given in Table 2. From the 


TABLE 1. Cationic composition and nomenclature of mixed gels. 


Na,O K,O Rb,O Cs,0 T1,0 Nomenclature 
0-2 = - —- 0-8 TNA 
0-4 _ — —_ 0-6 TNB 
0-6 oA in = 0-4 TNC 
0-8 — — —- 0-2 TND 
_ — 0-2 — 0-8 TRE 

_ — O-4 =~ 0-6 TRF 
— 0:6 _- 0-4 TRG 

— — 0-8 - 0-2 TRH 
0-2 —- 0:8 _ —_ NRA 
0-4 —- 0-6 — _- NRB 
0-6 -- 0-4 _- NRC 
0-8 — 0-2 _ — NRD 
0-2 — ~- 0:8 -- CNA 
0-4 — oo 0-6 = CNB 
0-6 — sis 0-4 a CNC 
0-8 — - 0-2 —_ CND 
- 0-4 0-6 “= -- KRB 
— 0-6 0-4 — — KRC 


gels containing the cation pairs Na—Tl, Rb-T1, and Na-Rb the end-products of crystallis- 
ation frequently contained analcite-type structures of two kinds, as assessed by the refrac- 
tive indices and the X-ray powder patterns. For example, in the mixture of crystals 
grown from the Tl-Na-containing gels two types of diffraction pattern were sometimes 
superimposed. One of these was very similar to the pattern of the end-member 
T1,0,A1,0,,4Si0,, and the other closely resembled the pattern of the end-member 
Na,0O,Al,03,4Si0,,2H,O. The refractive indices of the crystals were, however, intermediate 
between those of the pure end-members. Accordingly, there is limited solid solubility of 
each end-member in the other. 

Limits of solubility were estimated by measurement of refractive indices, a linear 
relation being assumed between refractive index and cationic composition. The refractive 
indices of the end-members are given in Table 3, and were determined on specimens grown 
from gels containing only one cation. The actual refractive indices of the crystals grown 
from the gels of mixed cationic composition then give by simple proportion the cationic 
compositions of the crystals. 

In the Tl-Rb series those products rich in rubidium gave X-ray patterns which indicated 
that the crystals were composed of domains of the polymorphic forms B and H of rubidium 
analcite described in Part IV. For these crystals a R.I. of 1-508 was taken. On the 
other hand, the X-ray powder photographs of the Tl-rich crystals were those of polymorph 
B, so that a value of the R.I. of 1-521 was used in calculating the Rb content of Tl-analcite. 
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The limits of solid solubility are then given in Table 5 for various pairs. The limits of 
solubility of the TI-Rb analcites are here particularly interesting because Rb and Tl have 
virtually identical univalent ionic radii. Accordingly, ion size alone does not govern the 
effect. 

Products from the Na—Rb aluminosilicate gels consisted of mixtures of analcitic crystals. 
Those rich in Rb were again composed of domains of B and H of mean R.I. ~1-508. An 


TABLE 2. Crystallisation of gel preparations containing T1 and Na or Rb. 


Nomen- 
clature of Conditions of X-Ray 
parent gel Temp. expt. Optical examination examination 
TNA 200° Excess NaOH; pH>10 Til-analcite, R.I. 1-596 Tl-analcite 
TNA 350 Excess NaOH; pH>10 Til-analcite, R.I. 1-596 — 
TNA 400 H,O; pH ~8 Tl-analcite, R.I. 1-607 Tl-analcite 
TNA 450 Excess NaOH; pH>10 Tl-analcite, R.I. 1-596 — 
TNB 350 Excess NaOH; pH>10 Til-analcite, R.I. 1-594, and cancrinite Tl-analcite and 
cancrinite 
TNC 200 Excess NaOH; pH>10 Na-analcite, R.I. 1-501,and compound Na-analcite 
B of H. F. Taylor (loc. cit.) 
(T1,0, Al,O,,2SiO,) 
TNC 250 Excess NaOH; pH>10 Na-analcite, R.I. 1-501,and compound _- 
B of H. F. Taylor (Joc. cit.) 
TNC 350 Excess NaOH; pH>10 Cancrinitee = 1-51, and Na-analcite, Cancrinite 
R.I, 1-501 
TNC 450 Excess NaOH; pH>10 Cancrinite ¢ = 1-51 Cancrinite 
TND 200 H,0; pH ~10 Cancrinite ¢ = 1-50 Cancrinite 
TND 250 Excess NaOH; pH>10 Na-analcite, R.I. 1-51 Na-analcite 
TND 400 Excess NaOH; pH>10 Cancrinite ¢ = 1-503 Cancrinite 
TRE 250 Excess RbOH; pH>10 Analcite, R.I. 1-62, and analcite, R.I. 1-54 — 
TRE 350 Excess RbOH; pH>10 Analcite, R.I. 1-62, and analcite, R.I. 1-54 
TRF 350 Excess RbDOH; pH>10 Analcite, R.I. 1-62, and analcite, R.I. 1-54 
TRG 350 Excess RbKOH; pH>10 Analcite, R.I. 1-54, and analcite, R.I. 1-62 - 
TRH 250 Excess RbDOH; pH>10 Analcite, R.I. 1-535, and analcite, R.I. 1-625 
TR 350 Excess RbDOH; pH>10 Analcite, R.I. 1-535, and analcite, R.I. 1-62 —- 
TRH 250 H,0O; pH ~10 Analcite, R.I. 1-525 — 
TABLE 3. Refractive indices of some analcitic compounds. 

Crystals | aa Crystals R.I. 
Na,O,Al,0, 45105 SiO 0.0 ssescecseanecss 1-486 Rb, O,Al,0;,4SiO, (domains of Band H) 1-508 
K,O,Al,0,,4Si0, (leucite) ...2....s.sccceese 1°588 (mean) 
K,0, ALO. ASIO. SEE on. cccxsndettecaeee SO Rb,O, ALO, 4510s. (HD). cence cvesssindsivee ode 2D 
RO, AL Op ASiOe (TD) ois cccccsccncescccocese GRR Cat MRM Saenarteacnchancivesieninns es ae 

THO AO GIO... gssscvcctscosivenvennenene:, Seen 


immiscibility gap arose between Rb-rich and Na-rich crystals (cf. Table 5) and often a 
characteristic zoning was observed. In crystallisations of Na-rich gels above 350° albite 
and other species tended to replace analcite. The Na—Cs aluminosilicate gels gave only 
crystals of uniform refractive indices ranging in different preparations between 1-503 and 
1-521. This shows that continuous solid solutions were obtained over a substantial com- 
position range. Casium was concentrated relative to sodium in the crystals rather than 
in the solution. 

The results on crystallisation of K—Rb analcites are not easy to interpret, owing to the 
occurrence of polymorphic forms of Rb-analcite (Part IV, and also next section), and 
because neither Rb-analcite B nor crystals consisting of domains of Rb-analcites B and H 
differ very greatly in refractive indices from leucite (cf. Table 3). However, analyses were 
made * of K and Rb in a number of crystalline K—-Rb-analcites, which were also submitted 
to examination by X-ray powder photography. The results are presented in Table 4. In 
cols. 2 and 8 the initial and final cationic mole-fractions of potassium are given for the 
products referred to in col. 1. Finally, some, but by no means all, of the d-spacings are 
given. 

It is first seen that neither cation was very greatly enriched at the expense of the other 


* We are indebted to Dr. R. L. Mitchell, of the Macaulay Institute for Soil Research, Craigiebuckler, 
for spectrochemical determinations of K and Rb. 
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in the final analcitic crystals as compared with the original gel. This result is in contrast 
to the enrichment of the reaction product in potassium when mixed Rb-K-felspar crystals 
are formed (Part IV, and also preparation No. 6 of Table 4). The X-ray data of Table 4 
contain some spacings which are nearly constant for all preparations (e.g., that at 2-65 A), 


TABLE 4. Cationic composition and d-spacings in Rb—K-analcites. 
Initial Final mole- 


mole- fraction 
fraction of of K in Some typical d-spacings, in A 
Preparation from gel Kin gel crystals ——_—_ iE eam 
1. Pure Rb-analcite (B) 0 0 _- oe 3°61 (s) 3:40 (s) 3-31 (s) 
2. KRB and aq. RbOH at 300° 0-40 0-32 5-40 (vw) 4°79 (vvw) — 3°42 (s) 3-33 (vs) 
3. KRB and aq. KOH at 400° 0-40 0-36 5-49 (vw) 4-76 (vw) 3°59(s) 3-44(s) 3-31 (vs) 
4. KRB and water at 400° 0-40 0-51 5:47 (vw) - 3-59 (s) 3:43 (s) 3-31 (vs) 
5.* KRC and water at 400° 0-60 0-58 5:51 (w) 4:83(vw) 3-61 (ms) 3-45 (s) 3-32 (vs) 
6.¢ KRA and aq. KOH at 250°; 0-20 0-63 5-48 (ms) 4°77 (vvw) 3-59 (ms) 3°37 (vs and 
then heated to 1250° diffuse) 
7. KRC and aq. KOH at 400° 0-60 0-66 5:48 (vw) 4:77 (vvw) — 3-43 (vs) 3-30 (vs) 
8. Leucite (K-analcite) 1:00 1:00 5-40 (ms) 4-72 (vvw) — 3-43 (vs) 3-22 (vs) 
9. Pure Rb-analcite (H) 0 0 5-55 (w) 4°84 (vvw) 3-62 (m) 3°38 (vs) 


Some typical d-spacings, in A 
_ — —— — ——— - - — 


1. 3-16 (s) 2-98 (m) 2-87 (vs) 2-65 (s) 2-38, (s) 2°16, (s) 1:96, (m) 1-85, (w) 1-815 (m) 
2. 3:16 (vw) 2-97 (ms) 2-86 (vs) 2-65(m) 2-38 (s) 2-16, (ms) 1:96, (vw) 1-84,(w) 1-812 (mw) 
3. 3°13 (vvw) 2-97 (s) 2-86 (vs) 2:65(m) 2-38 (s) 2-16, (s) 1-95, (w) —- 1-811 (ms) 
4. 2-97 (ms) 2-86 (s) 2-65 (m) 2-38, (s) 2-15, (ms) 1-95, (vw) 1-84, (vw) 1-814 (w) 
5 2-99 (ms) 2-87 (s) — 2-38, (ms) 2-16, (m) 1-95, (vw) 1-82, (vw) 1-802 (m) 
6. 3-17 (vvw) 2:97 (w) 2-86 (vs) 2-64(w) 2-38, (s 2-17, (w & 1-94, (vvw) 1:83, (w) 1-802 (w) 


diffuse) 
7. 3:12 (vw) 2-95 (m) 2-85 (s) 2-65 (w) 2-42, (ms) 2-15; (ms) 1-93, (vw) — 1-801 (m) 
8. - 2-90 (s) 2-81 (s) 2-64 (m) 2-36, (s) 2-14, (ms) 1-94, (w) 1-85, (w) 1-778 (mw) 
9. 2-89 (s) 2-76 (vvw) 2-65 (mw) 2-38, (ms) 2-19 (m) 1-94, (vvw) 1-83, (ms) a 


* These crystals are closer to Rb-analcite (H), the polymorphic form, than to Rb-analcite (B). 

+t This product initially consisted of crystallites of a Rb-K-felspar. Heating at 1250° converted 
it into Rb-analcite (B). The Al,O,: SiO, ratio in this gel was not 1: 4 as in analcite, but 1: 4-5 
(Part IV) 


TABLE 5. Approximate solid solubility limits in analcitic compounds. 


Pair of compounds Mean solid solubility limits, % 
T1,0,Al,O;,4510,-Rb,O, Al,O,,4Si0, TIl- in Rb-compound 20 
Rb- in Tl-compound 11 

T1,O, Al,O;,4510,-Na,0, Al,O,,4Si0,,2H,O Tl- in Na-compound 10 
Na- in Tl-compound 27 

Rb,O, Al,03,4Si0,-Na,0, Al,O;,4Si0,,2H,O Rb- in Na-compound 30 
Na- in Rb-compound 30 

Cs,0, Al,O3,4Si0,—Na,0, Al,O;,4Si0,,2H,O Continuous solid solubility 


together with others which show a steady change as the potassium content increases, such 
as that at 1-815 A for Rb-analcite B. Finally, some spacings vary in a rather irregular 
way, for instance that at 5-40 A for leucite. In preparation No. 5 the crystals are closer 
in their pattern to Rb-analcite H rather than to B, so structures based on either polymorph 
of Rb-analcite can appear in mixed K—Rb-analcites. 

In none of the X-ray powder photographs, of which Table 4 includes only a fraction, 
was there evidence of the co-existence of two types of pattern such as that of Rb-B or -H 
together with that of leucite. Although the very close similarity of the patterns of Rb-B 
and of leucite may obscure this evidence, the data are compatible with continuous solid 
solubility between Rb-analcites and leucite. This view is supported by the approximately 
equal affinity for Rb and for K shown by the analcite frame-work during its formation in 
the presence of both these ions (loc. cit.). 

lon-exchange experiments at temperatures not above 110° have also demon- 
strated immiscibility gaps for the pairs Na,O,Al,0;,4Si0,,2H,O—K,0,A1,0,,4SiO, ; 
Na,O,A1,03,4Si0,,2H,O-T1,0,A1,03,4Si0,; K,O,Al,03,4Si0,-T1,0,Al,0,,4Si0, (Barrer and 
Hinds, /oc. cit.). Thus limited solid solubility is rather general and has been observed 
over a range at least of 300°. 
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Polymorphism among Analcitic Structures—In Part IV two rubidium compounds B 
and H were prepared both based upon the analcite structure. These hydrothermal 
crystallisations occurred from gels Rb,O,Al,O;,"SiO. where 3<n<10. The refractive 
index of the crystals depended upon the conditions of formation, the most important of 
which was the value of m. Average R.I.’s for different values of » are tabulated below. 


Do) Sauvdciesaenernt eee 3 4:05 6 7 
Rad. vccon.sciwnwh:scé bebinnnidoeitae,s {Renae mana 1-504—1-509 1:-495—1-500 1-500—1-504 


The lowest refractive indices occurred for n = 6. 

Although the crystals appeared under the microscope to be well developed, practically 
all gave X-ray powder photographs with very diffuse lines. When the crystals were 
heated above 1200° sharp lines characteristic of species B were obtained and the R.I. 
changed to 1-521. The speed of this reaction increased markedly with rising temperature. 
On the other hand, if the crystals were heated below about 1050° they very slowly approached 
an R.I. of 1-481. The higher the refractive index of the initial material the more sluggish 
was the reaction. At an R.I. of 1-50 or less, the X-ray pattern characteristic of species 
H became dominant. It seems that any crystal of Rb-analcite prepared hydrothermally 
consists of very small domains of both compounds B and H. 

Typical changes of refractive index following heat treatment of domain crystals are 
shown in Table 6. Identical treatments may transform different crystals of the same 
preparation from B into H at different rates, some crystals scarcely changing at all. Both 
forms of Rb-analcite could also be prepared by sintering Rb-felspar. Species H resulted 
between 910° and 1070°, and species B above 1070°. The sluggishness of the transition 
between B and H suggests that it is of the reconstructive rather than the displacive type 
(Smoluchowski, Mayer, and Weyl, ‘‘ Phase Transformations in Solids,”’ 1951, Wiley, p. 183) 
exhibited by the change of leucite from tetragonal to cubic habit at 625° (Wyart, oc. cit.). 
A possible reconstructive process might be an order-disorder transformation of the Si and 
Al ions in the aluminosilicate framework. Both R.I. and unit-cell dimensions show that 
the species B is more compact than the species H. 

Rb-analcite, prepared by ion exchange from synthetic Na-analcite by Barrer (/J., 1950, 
2342), also appeared from its X-ray pattern to consist of crystals which were a mixture of 
domains of B and H. Similarly prepared Tl-analcite was extremely close to this mixed 
Rb-analcite in its X-ray powder photograph, and may comprise two polymorphic forms of 
the same type. For this reason no attempt to index the pattern to give a unit cell of the 
Tl-analcite of Table 7 has been made. Pollucite (Cs,0,A1,0,,4Si0,) also gave evidence of 
variable refractive index in different preparations, without however showing corresponding 
changes in X-ray pattern (Part IV). 


TABLE 6. Changes of refractive index of Rb-analcttes on heating. 


Heat treatment Initial R.I. Final R.I. (average) 

BODO? FOG BOW esiicinsacecsugsascxtneuateeasss-cbes av4 1-504 1-521 
EOOO? TOKE CG cis 33s scence cchunteah bo teesinns paunngtetase 1-504 1-521 
ESGO™ Te SG av csicn ne due chien a pdeteeeenet'ses cases 1-504 1-521 
LADO: fear: Fy | sic ca vine sBR aa ae cape nocd ch cinens 1-497 1-521 

BRO” Le. TF ND abo cence eunced brhmety hs cance <adane tocnks 1-512 1-505 
SI FB sinc ccucuagramesamarnensandecsebsuss exe 1-497 1-493 
880° for 10 days DURSCTER REE RMINeKmImESN ade coekueeuy 1-497 1-481 (uniform) 
1230° for 1 day and then 880° for 2 days ......... 1-521 1-514—1-521 
1230° for 1 day and then 880° for 21 days ...... 1-521 1-492—1-516 
GO Fe GI ese. cep nessncucetvedesubirsevnenctsasens 1-497 1-483 


A further example of polymorphism was observed with crystals of potassium analcite 
composition. Potassium analcite obtained from synthetic analcite by exchange of Na 
with K (Barrer, J., 1950, 2342; Barrer and Hinds, Joc. cit.) and also directly from gels 
(Barrer and Baynham, in preparation) was identical with leucite (K,O,A1,0,,4Si0,). 
However, direct syntheses in the range 200—450° also resulted under certain conditions in 
the formation of a true potassium analcite (K,O,A1,0,,4Si0,,2H,O). The product obtained 
at 200° had an R.I. of 1-490 and was cubic with a unit-cell of edge 13-7, A. Heating this 
product for 4 days at 250° caused it to lose 5-09°% by weight of water; at 350° this loss 
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increased to 6-2%. On heating at 450° for 6 days the R.I. dropped to ~1-420 but was not 
uniform in all crystals. These were still cubic and indexed to give a = 13-7, A. 

When the crystals were sintered at 800° some potash felspar spacings began to appear. 
At the same time the R.I., which was not uniform, rose to 1-502—-1-514. Heating the 
crystals to 1000° and quenching converted the potassium analcite into potash felspar as 

the only crystalline product. In contrast to the rubidium analcites B and H, the com- 
pounds K,O,A1,0,,45i0,,2H,O and K,O,A1,0,,4Si0, (leucite) are not interconvertible. 
The change of the former into potash felspar is paralleled by a similar conversion of analcite 
into albite (Barrer and White, J., 1952, 1561). 

Relative Thermal Stability of Analcites and Felspars.—As noted above, analcite and 
hydrated potassium analcite are converted into albite and potash felspar by heat. These 
felspars are accordingly more stable to heat than are the corresponding analcites. 
However, leucite is stable to heat, while orthoclase melts incongruently at about 1150° 
to leucite and a glass, from which it is re-formed on cooling. It has, moreover, been shown 
(loc. cit.) that the low-temperature polymorph of Rb-analcite is changed by heat, not 
to Rb-felspar, but to the high-temperature form of Rb-analcite, which remains stable up 
to the m. p. of about 1675°. On the other hand, heating Rb-felspar converts it into the 
high or low polymorph of Rb-analcite (and glass), according to the temperature. Cs- 
analcite (pollucite) was thermally stable under all conditions, and Cs-felspar could not be 
synthesised at all (Part IV). Thus several of the analcites are more stable structures than 
are the corresponding felspars. 

It seems likely from the above stability relations that if Rb or Cs were abundant 
elements the corresponding analcites would be the geochemically significant species, 
rather than the felspars. Leucite is already known as a major constituent of certain 
magmas (Shand, ‘“‘ Rocks for Chemists,’’ 1952, Allen and Unwin, p. 85). 

Interstitial Cations.—The cations Li*, Na*, K*, and Cs*, and also Ag*, Tl*, NH,*, and 
(PbOH)*, have all been introduced into aluminosilicate frameworks of analcite type (Barrer, 
J., 1950, 2342; Barrer and Hinds, loc. cit.). The ability of this structure to accommodate 
univalent ions exceeds that of the felspar framework which has been obtained only in Na, 
K, and Rb forms. On the other hand, only small amounts of bivalent ions can be intro- 
duced into analcite, whereas Ca**, Sr**, Ba**, and Pb** at least can occur in high propor- 
tion in the felspar framework. 

Simple relations between the unit cells of cation-exchanged forms of analcite can be 
correlated with ion size (Table 7). With Li*, Na*, and Ag’, the three smallest ions, the 


TABLE 7. Some properties of members of the analcite group. 


Cation Radius (A) Unit cell Hydrated JIon-exchange 
Lit 0:78 Cubic; a = 13-5 * Yes Yes 
Nat 0-98 Cubic; a = 13-6, ft Yes Yes 
Agt 1-13 Cubic; a = 13-7 f Yes Yes 
Kt 1-33 (a) Cubic; a = 13-7, t Yes Yes 
(b) Tetragonal; a = 12-9,; c = 13-7, t No Yes 
NH,?* 1-43 Tetragonal; a = 13-1,; c = 13-6, No Yes 
Rb* 1-48 (a) Tetragonal; a = 13-6,; c = 13-3,** No Yes 
(b) Tetragonal; a = 13-2; c = 13-6** No Yes 
Tit 1-49 Tetragonal f No Yes 
Cs* 1-63 Cubic; a = 13-6, fT No No 
* Barrer and Hinds (Joc. cit.). t+ Barrer, ]., 1950, 2342, or based on this work. 
¢ Barrer and Baynham, in preparation. ** Part IV, loc. cit. 


structures contain zeolitic water, and the crystals have all the properties of zeolites. With 
the potassium ion, one of two things may happen: either a crystal is formed with zeolitic 
water and with appreciable expansion of the unit cell, or there is some collapse to give the 
anhydrous tetragonal leucite structure. An anhydrous tetragonal structure appears also 
with NH,*, Rb*, and Tl*. These ions, though larger than K*, are still not so large as 
Na*,H,O, considered as a space-filling unit. Accordingly, as with leucite, these unit cells 
are slightly collapsed relative to that of the hydrated Na-form, but as expected the unit 
cells are slightly larger than that of leucite. The largest ion, Cs*, considered as a space- 
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filling unit, is equal to Na*,H,O, so the unit cell is of identical dimensions in analcite 
(Na,O,A1,0,,4Si0,,2H,O) and pollucite (Cs,0,A1,0,,4Si0,). 

Among the anhydrous forms, those with K, NH,, Rb, and Tl have the ion-exchange 
properties of nosean-sodalite felspathoids, but the Cs-form has lost even this property, 
each Cs” ion being locked in its own interstice. Accordingly, there is a remarkable range 
in properties from zeolites (Li, Na, Ag, and sometimes K) to a crystal which has neither 
zeolitic water nor ion-exchange power. These changes in properties, including the dimen- 
sional changes in the unit cells of the ion-exchange forms, are all correlated directly with 
cation size. 

Isomorphous Replacement tn the Aluminosilicate Anion.—Cation replacements can 
clearly be extensive in the analcite-type structures. However, replacements in the 
aluminosilicate framework are also known. Thus, Goldsmith (J. Geol., 1950, 58, 518) has 
prepared a gallium leucite, K,0,Ga,0,,4Si0,, in which Al®* is replaced by Ga**.  Viseite, 
according to McConnell (Amer. Min., 1952, 37, 609), has a structure remarkably close to 
that of analcite, but one in which some SiO,*~ or AlO,5~ tetrahedra are believed to be 
replaced by PO,°> in the aluminosilicate anion. Moreover, a compound K,O,MgO,5SiO, 
has recently been prepared which gives an X-ray powder pattern very close to that of 
leucite, with which it exhibits complete miscibility (Roedder, Amer. J. Sct., 1951, 249, 224). 
There is also a ferrous analogue, K,0,FeO,5Si0,, which again appears similar in structure 
to leucite (tdem ibid., Bowen Volumes, 1952, 435). It is thus apparent that the analcite 
type of structural framework persists among a wide variety of species of very different 
chemical compositions. 
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823. Molecular Polarisability. The Measurement of Molecular 


Kerr Constants in Solution. 
3y CATHERINE G. LE FEvRE and R. J. W. LE FEvRE. 


The specific and molar Kerr constants (,K and ,,A respectively) of a 
substance are defined and apparatus for their determinations described. To 
observations on binary mixtures, involving carbon tetrachloride or benzene 
as one component, an alligation formula is applied to find the apparent 
partial specific Kerr constant of the other substance. A new equation is 
developed whereby the specific Kerr constant of a solute may be deduced at 
infinite dilution in a solvent. The ,(,,4,) values so obtained are first 
compared with those others which are calculable from earlier experiments on 
gaseous dielectrics by Stuart and Volkmann, and secondly used to compute 
specifications for the polarisability ellipsoids of the dissolved molecules. The 
results from solutions and gases are similar. Finally, it is noted that the 
molar Kerr constant of a pure polar liquid may be empirically converted into 
a value close to the ,,(~/*,) obtained in benzene. 


THE quantitative treatment of electric double refraction (the “ Kerr effect ”) developed 
by Langevin (Le Radium, 1918, 7, 249), Born (Ann. Phystk, 1918, 55, 177), and Gans 
(tbid., 1920, 62, 331; 65, 97) makes this phenomenon one of obvious significance in the 
investigation of molecular structures. The mathematical formule given are, however, 
strictly applicable only to gaseous dielectrics—a fact which may limit their usefulness, 
since many interesting substances cannot be vaporised without decomposition, and, 
in any case, observations with gases are practically difficult. Although, in these respects, 
the situation has some analogies with that in which dipole moments are measured, the 
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further similarity of working with solutions, and ultimately securing some value for the 
solute at infinite dilution, has not been much explored. 

The present communication reports an examination of the possibility of such a 
procedure with the aid of new data for a number of binary mixtures, in each of which either 
carbon tetrachloride or benzene has the role of solvent. 

For our purposes we have adopted the “ molecular Kerr constant ”’ (here written as 
mi) used by Otterbein (Phystkal. Z., 1934, 35, 249), viz. : 


mK = 6.nBM/(n? + 2)%e+2)9d ..... . (i) 


where M is the molecular weight, the refractive index, ¢ the dielectric constant, and d 
the density of the medium under examination. Under the conditions employed to produce 
electric double refraction, this medium, normally having a refractive index n for light of 
wave-length A, is subjected to an electric field of strength E absolute volts/cm., whereupon 
it behaves as though it has refractive indexes np) and mn, respectively parallel and 
perpendicular to the lines of force. The factor B is observed by experiment as 


B = (mp — ns) /E? Sig ge ae <n 
Relation (2) was established by Kerr (Phil. Mag., 1880, 9, 157; 1882, 13, 153, 248). The 


magnitude mA may be regarded as the difference between the molecular refractions 
(computed by the Lorentz—Lorenz formula), for the two directions mentioned, caused by 
application of a field of unit strength. 

It should be noted that Briegleb (Z. phystkal. Chem., 1931, 14, B, 97) and a few other 
authors have taken »K as one-sixth of that shown by (1); their data have therefore been 
multiplied accordingly for quotation in this paper. Specific Kerr constants (sK), to be 


mentioned later, are of course given by (1) after division throughout by M. 


EXPERIMENTAL 


The Determination of B.—-Many of the measurements now to be reported were originally 
made before the war at University College, London; they have been checked and amplified 
more recently in Sydney. Much of the equipment used earlier was destroyed, and various 
modifications have been introduced during reassembly in Australia. The details given here 
refer only to the arrangements now in use. 

Fic. 1. 


7c 0 


eee, ae ee c HA 7 


Light from a 4-v projection bulb S passes through a tintometer cell F, 3 cm. long, containing a 
filtering solution (8-9 g. of CuSO,,5H,O and 9-4 g. of K,Cr,O, in 300 g. of H,O) (Fig. 1). This pro- 
vides a better intensity in T and is a nearer approach to a point-source than the sodium dis- 
charge lamp without F at S with which we have made about half the observations for the present 
paper; since readings are the same with either source we have referred them to 4 = 5893 A in 
subsequent calculations. The beam of light becomes parallel on passing through L, and is 
plane-polarised at 45° to the vertical by the polariser, P; C is the condenser to which the high 
potential is applied; H is the compensator, A the analyser crossed with reference to P, and T 
a telescope focused on H. All the components are mounted on iron supports each of which 
has a side-ways screw adjustment between runners on its base-plate. The base-plates them- 
selves are grooved on their undersides to allow movement backwards and forwards on an 
H-section girder which, with accurately machined straight top edges, serves as au optical bench. 

The two units LP and AT were constructed by Messrs. Adam Hilger Ltd., London, from 
their standard polarimeter M308. 

The cell enclosing the condenser is made from Pyrex-glass tubing; its ends are ground 
optically plane so that they form a liquid-tight seal with the end plates E (Fig. 2). The caps C and 
washers hold E in position; J is the liquid inlet, and O the exit. The potential is introduced by 
means of mercury in the side arms A, and A, through platinum-glass seals to the tungsten 
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strips T, the ends of which are respectively soldered to the platinum and attached to the ends of 
the electrodes P by means of small brass screws. These electrodes are made by splitting into 
two a brass rod along its axis, and running a small trough lengthwise at the top and the bottom 
to assist washing and draining of the cell. This shape was chosen in order to reduce the volume 
of liquid required for filling and to simplify the supporting of the lower plate. The opposing 
faces are milled flat and coated with platinum black to diminish surface reflection from them. 
Five pairs of hand-ground spacers S, made from thin Pyrex-glass rod, stand in small holes drilled 
along the edges of the electrodes, thus giving rigidity and a uniform gap between the lengths. 
The end plates E are polarimeter end-plates. It was found necessary to select only those truly 
free from strain; this was done by mounting them in a rotatable vertical plane in conjunction 
with a Brace compensator (Phys. Review, 1904, 18, 70; 19, 218) and testing them. Any strain 
causing birefringence of an order of more than A/20,000 should have been detectable. 

Various cells of similar construction are used according to the nature of the dielectric under 
observation ; highly polar materials require shorter cells and larger gaps than those for substances 
or solutions having small values of B. 

The phase differences induced in the dielectric of the Kerr cell by applying potential 
gradients up to the maximum available (viz., ca. 50,000 v/cm.) are, for many non-polar 


Fic. 2. 


A; A, 


substances, very small, and necessitate H being of high sensitivity. Two suitable designs are 
in the literature. The first, due to Brace (loc. cit.), in its various modifications is certainly 
adequate but requires both the precise standardisation of one mica plate and the accurate 
mounting of two; the second, that of Szivessy and Dierkesmann (Z. Instrumentenkunde, 1932, 
52, 337), by contrast, involves the standardisation and mounting of only a single plate. The 
latter pattern has therefore been chosen for the examination of solutions. (We have found, 
however, that for measurements on gases, the ‘‘ hilfes Platte ’’ of the Brace compensator is an 
indispensable factor in the determination of the effect, as without it, readings cannot be taken, 
owing to insufficient illumination of the field.) 

The alternative procedure of comparing the actual intensities of the light, by means of a 
photo-electric cell, with the Nicol prisms first crossed and secondly parallel (Stevenson and 
Beams, Phys. Review, 1931, 38, 133), and thence calculating m, — m,, has been tried and 
abandoned as unsuitable to the present work. The cell necessarily has to be moved and rocked 
to eliminate air bubbles while changing the dielectric, and errors due to any undetected slight 
alteration of alignment, which may cause surface reflection and hence unforeseen birefringence, 
are liable to lead to fictitious results. 

We acknowledge with gratitude the advice and help we received from Professor G. Szivessy, 
during our visit to his laboratories at Bonn in 1937; in particular, we thank him for the gift of 
a standard compensator complete with its dispersion curve, which we used to calibrate the first 
series of plates of our own construction. These are made by inserting two sharp needles into 
opposite ends of a piece of clear mica, making two cleavages, and tearing apart gently and 
simultaneously. A fragment with a straight edge is then sealed with Canada balsam half-way 
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across, and between, two polarimeter end-plates (which, as for those closing the cell, must be 
free from strain), care being taken to exclude air. When dry, the compensator is fixed by means 
of wax into a brass mount, which slides and can be clipped into two grooves on a circular scale. 

This is mounted in a vertical plane. The mica of the compensator then lies half-way across 

the field of vision, and is rotatable in front of the analysing prisms. The scale is fitted with 

slow-motion adjustment with Vernier. The phase differences of the various compensators used 

for this work range between 1° and 12°. 


TABLE 1. 
Benzene in carbon tetrachloride: ¢ 20° 
10°w, 0 1749 6416 7897 22621 26683 45,763 45,894 60,817 77,581 
10°B,, 08-070 0-090 0-127 0-143 0-226 0-234 0-297 0-296 0-352 0-374 
Chlorobenzene in carbon tetrachloride: ¢ = 20° 
10'w, 0 1990 4918 5183 5707, 10,963 11,4385 18,898 55,647 
10°B,, 0-070 0-318 0-650 0-618 0-783 1-40 1-36 2-39 6-19 
Nitrobenzene in carbon tetrachloride: ¢ = 20 
10°w, 0 123 437 438 511 801 1676 2638 5138 
10°B,, 0-070 0-212 0-435 0-436 0-499 0-740 1-47, 2-28. 4-42, 
Chloroform in carbon tetrachloride: ¢ 20° 
L0°w, 0 2413 2845 6609 9010 15,525 17,861 26,750 29,736 38,591 
10°B,, 0-070 +0-013 —0-027 —0-064 —0-146 —0-273 —0-345 —0-545 —0-556 —0-805 
Diethyl ether in carbon tetrachloride: ¢ = 20° 
10°w, 0 483 4815 5404 19,480 20,482 36,356 36,894 41,311 54,095 61,102 
10°B,, 9-070 0-064 0-047 —0-012 —0-083 —0-086 —0-217 —0-234 —0-287 —0-380 0-426 
Acetone in carbon tetrachloride : ¢ = 20° 


10°w, 0 579 2476 3297 3599 3788 
10°B,, 0-070 0-178 0-471 0-604 0-652 0-679 


TABLE 2. Apparent values of mK, found by application of the mixture rule to sK yo. 


10°w, 10°’By, (mp)is (dere Sm 10°%K, Iw, 10°B,, (ef), (D1 th 10°.K, 
Carbon tetrachloride in benzene: ¢ = 20° Chlorotorm in benzene: ¢ = 25° 
0 0-430 1-501 0-8791 2-282, - 0 0-424 1-498 0-8738 2-272, ~ 
8,474 0-417 1-499 0-9101 2-281 2-9 2,397 0-389 1:497 0O-8831 2-295 —3l 
16,584 0-396 1-498 0-9454 2-279 1-8, 5,547 0-339 1-495 0-8942 2-339 —32 
22,419 0-384 1-495 00-9688 2-278 2-5 11,734 0-229 1-493 0-9180 2-420 —31 
39,183 0-352 1-490 1-0405 2-273 2-9 12,884 0-199 1-492 0-9256 2-438 —32 
54,106 0-296 1-485 1-1224 2-266 2-0 18,068 0-099 1-489 0-9446 2-514 — 34 
54,237 0-297 1-484 1-1253 2-265 2-1 39,289 —0:341 1-480 1-0420 2-843 —27 
73,317 0-234 1-474 1-:2457 2-253 2-1, 48,560 —0-606 1-476 1-:0942 3-025 —26 
55.12 876 47 13 ‘ 2% 
Chlorobenzene in benzene: ¢ = 23-5° — ee ee eee: ee ” 
0 0-425 1-499 0-8754 2-276 = Diethyl ether in benzene: ¢ = 20° 
1,520 0-510 1-499, 0-8781 2-314 105 0 0-431 1-501 0-8791 2-282, -— 
2,553 0-590 1-500 0O-8801 2-341 123 2,009 0-416 1-598 0-8754 2-320, —1-6 
2,582 0-606 1-500 0-8804 2-348 135 4,064 0-398 1-495 0-8715 2-361 —7-0 
8,503 1-07 1-501 0-8902 2-488 137 6,495 0-381 1-493 0-8669 2-405 —6:7 
12,582 1:40 1-502 0-8998 2-626 131 11,214 0-343 1-485 0-8582 2-494 -6-7 
15,658 1-61 1-502 0-9046 2-696 122 23,557 0-238 1-466 0-8353 2-721 —6-8 
27,609 2-76 1505 0-9290 3-043 116 35,442 0-136 1-449 0°8135 2-952 -6-2 
36,256 3-12, 1-507 0-9473 3-268 92 47,559 0-088 1-431 0-7910 3-230 5-6 
53,666 5-13 1-511 0-9814 3-832 86 60,373 —0-069 1-412 0:7722 3-479 4-9 
; 63,866 —0-104 1-407 0-7706 3-562 4-9 
Nitrobenzene in benzene: ¢ = 22° 
0 0-427 1-500 0-8770 2-278 ae Acetone in benzene: ¢ = 20° 
262 «0-557 «:1-500 0-8776 2-316 1043 0 0-429 1-501 0-8791 2-282, — 
334 0-586 1-500 0-8778 2-326 1004 1,055 0-522 1-499 0-8781 2-433 65 
368 0-626 1:500 0-8779 2-332 1146 278i 0-671 1:496 0-8764 2-665 60 
761 0-771 1-500 0-8800 2-388 915 3,971 0-741 1-493 0-875] 2-842 47 
1,393 1-12, 1-501 0-8804 2-480 972 5,424 0-805 1-490 0O-8738 3-058 36 
2,071 1-45, 0-501 0-8820 2-576 912 5,842 0-825 1-490 00-8734 3-112 33 


3,551 2:19 1-501 08859 2-808 817 

4,091 2-46, 1-502 0-8870 2-870 810 
Voltage generation is by an “ R.F. E.H.T.” unit (type 103/P/M/A, from Hazelhurst 
Designs Ltd., London) capable of producing 0-1—12 kv according to setting, and operating on 
the 240-v 50-cycle mains. The high-tension D.C. output is bled through resistors immersed in 


[1953] Molecular Polarisability. 4045 


wax through a current-meter graduated directly in kv. (We thank Mr. E. P. A. Sullivan, M.Sc., 
for checking the calibration of this meter against a standard electrostatic voltmeter lent to us 
by the Division of Electrotechnology, C.S.1.R.O.) The potential and earth connections are led 
to C (Fig. 1) by car ignition cables terminating as thin brass rods; each of these rods is 
completely shrouded by a Polythene cylindrical tube, which fits loosely over the mercury- 
containing side-arms A, and Ag, and permits handling without shock. 

The solutes and solvents, purified as specified by Weissberger and Proskauer (‘‘ Organic 
Solvents,’’ Clarendon Press, 1935), were stored over sodium wire or fused calcium chloride as 
appropriate. 

Tables 1 and 2 set out the values of B obtained for a number of mixtures of the components 
named. ‘The concentrations of the solutes are shown as weight fractions, w,; we express these 
to the accuracy usual in determinations of dipole moments since [gojytion has usually also to be 
deduced from the e, d, etc., of the same solutions as are used for observing B. Subsequently in 
this paper we use the subscripts I, 2, or 12, to indicate respectively solvent, solute, or solution. 


DISCUSSION 

The Apparent Kerr Constants of Solutes—Briegleb (loc. ctt.) seems to have been the 
first worker to analyse Ky». by an alligation formula. To each solution of a series, in which 
a definite solute was dissolved in the same non-polar solvent throughout, he applied 

msg = whi fat+mMele. © s 2s ew ew ew ew 

(where the concentrations were expressed as molar fractions). On the assumption that 
m/X, was independent of f;, the individual apparent partial values of mK, were calculable 
from experiment. They usually showed marked variation with f, and needed therefore to 
be extrapolated to infinite dilution to give the magnitude to be here represented by 
ao(miX,). Briegleb’s procedure has since been followed by Stuart and Volkmann (Z. Physik, 
1933, 83, 444), Otterbein (Phystkal. Z., 1934, 35, 249), Sachsse (1bid., 1935, 36, 357), and 
Friedrich (ibid., 1937, 38, 318). 

In the present investigation we have introduced the arithmetical simplification of using 
specific Kerr constants and weight fractions in place of the molar quantities of the fore- 
going authors. Accordingly, for (3) we write: sKy. = sK yw , + sKgwg, whence: 

oK, = eK, + (Kip — eKy)/We - - - 2 es es 
Specific Kerr constants have been defined on p. 4042. For their evaluation from By, 
knowledge of the dielectric constants, densities, and refractive indexes of the solutions is 
also necessary; such measurements have therefore been made by the methods described 
by Le Feévre (‘‘ Dipole Moments,” Methuen, 2nd edtn., 1948, Chap. II). Table 2 
summarises our observations for the six systems in which the solvent has been benzene ; 
via equation (4), the figures in the last column emerge as ,A,Mg. 

Molar Kerr Constants at Infinite Dilution.—It is clear from Table 2 that direct graphical 
extrapolation of the apparent partial Kerr constants of solutes to w, = 0 could only 
provide somewhat uncertain estimates of the ,(mK,) for each substance, and a similar 
remark applies to the data published by the authors cited above. The problem is not 
unexpected since—apart from composition (which, depending only upon weighing, we take 
as accurate in this connection)—each figure in the right-hand column of Table 2 requires 
for its determination the measurement of four properties (B, ¢, m, and d) the errors in which 
may combine unpredictably to affect the ,,K, ultimately deduced. As a remedy, there- 
fore, we decided to smooth the individual observations and proceed straight to the desired 
quantities, 1.¢., to ,,(mA) in each case. 

The following argument is used: equations (5)—(8) inclusive are assumed to any at 
high dilutions : 


Sen ==. 6a(] + 0 g)« oe. oe etine tt) doe Bee ell 
dy = d;(1 + Bw) wile Sige. tet? een 
Req ms Nalh + 9M @)s). .05. ie euetre ee eee 
By = =f (1 - dW) ° . . . . . . . (8) 


Over the concentrations convenient in actual practice, By. usually and e,, and d,, some- 
times show curvature with w, as w, increases. In such instances the observed differences 
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between solutions and solvent are fitted to power series in w., and the coefficient of the 
term containing w, utilised to obtain the tiniting magnitude of 8 (or «, 8, or %) 
whenw, = 0. Thus: if (By, — By)w, = AB, = (first constant)w, + (second constant)w,? ‘ 
then the first constant is (8B,)w, = 0; an analysis in this way of the B,,’s already given is 
summarised in Table 3. A similar treatment is applied to the dielectric constant or density 
where necessary. For the refractive index, however, the mean via yn, = X(ny. — n)/Lw, 
is almost always satisfactory. 


TABLE 3. Equations for AByg fitted by method of least squares. 


R.H.S. of equation R.H.S. of equation 
Solute Solvent F for AB,, Solute Solvent T for AB,, 
x 2 es cCcl, 20° 0-726w, — 0-441w,2 CHCl, ... CCl, 20° —2-26w, + 0:074w,? 
ce ‘ as C,H, 20 —0O-16lw, — 0-147w,? CHCl, .. CH, 25 -—I1-4lw, — 1-59w,? 
CHC... CCl, 20 12:27w, — 2:28w,2 Et,O...... CCl, 20 —0-972w, + 0-330w,? 
C.H.Cl... CH, 235 7-02w, + 3-0w,? ee C,H, 20 -—0-807w, — 0-043w,? 
C,H,-NO, CCl, 20 83-25w, + 29-2w,? COMe, ... CCl, 20 17:14w, — 28-5w,? 
C,H,NO, C,H, 22 49-25w, + 15-lw,* COMe, ... C,H, 20 10-34, — 6lw,? 
Now from (4) : 
: oo (sXe) — sKy -t [d(sK yo) /dwe]w,-0 . . . . . . (9) 

and (cf. equation 1) 


By substituting (5)—(8) inclusive in (10), and differentiating with respect to w,, etc., we 
can rewrite (9) as 
als) = [(1 — 8 om +8— Hy — Jae)\sK, - « « ~ (LI) 
where H = 4n,?/(n,? +- 2) and J = 2/(e,; + 
Equation (11) has been used to compile se 4. For the solvents and over the small 
temperature range shown, the requisite constants are : 


10°K, H J 

CE ES. 2-06, 0-472, 
AU Siduicsectintdnkinresccesinsaacs Sn 2-11, 0-467, 
igs OL I RAEN 2-11, 0-468, 


(These are computed from data already tabulated, supplemented, in the case of ca:bon 
tetrachloride, by the following for 20°: « 2-2360, d7° 1-5940, and n, 1-4604.) 


TABLE 4. Extrapolation of molar Kerr constants to infinite dilution. 


Temp. Solute Solvent ae, * p* y ) +%S.E.on8 .(mK,)10"* 
20° C,H, CCl, 0-078 —0-754 0-026 10-4 5 7-0 
20 #386, C,H, —0-020 0-455 0-031 —0-374 36 2-6 
20 C,H,Cl CCl, 4:84 0-431 0-043 1753 1 145 
23-5  C,H,Cl C,H, 2.52 0-211 0-011, 16-5 4 142 
20 C,H,NO, CCl 25-6 —0-322 0-063 1189 1 1073 
22 C,H,°NO, C,H, 14:6 0-290 0-039 1153 1 1050 
20 CHCl, Cccl, 2-15 —0-068 —0:010 —32-3 3 — 28-5 
25 CHCl, C,H, 1-23 0-406 —0-031 —3-32 10 —30°5 
20 Et,O CCl, 3-87 —1-00 —0:074 —13-9 5—6 — 7:5 
20 Et,O C,H, 1-96 —0-204 -—0-098 — 1-87 0-5 — 8-5 
20 COMe, CC 269 —1:00 —0-185 244-8 1 101 
20 COMe, C,H, 142 -—0-112 -—0130 240 1—2 83-4 


* The figures shown in these columns are computed from Table 2, for solutions in benzene, or from 
measurements given in papers listed by Wesson (‘‘ Tables of Electric Dipole Moments,’’ Technology 
Press, M.I.T., 1948) for solutions in carbon tetrachloride; those under y are from determinations made 
during the present work. 

It is not easy to state the errors in the ,,.(mK,) values listed above. Concentrations, 
voltages, and cell dimensions are each ascertainable to at least three significant figures. 
The “ effective light path” through the condenser in the cell C (Fig. 1) is computed from 
the lengths and average thicknesses of the electrodes P by Chaumont’s formula (Ann. 
Physique, 1916, 5, 31). The determination of B with the Szivessy-Dierkesmann 
compensator necessitates the recording of eight positions of match for the half-shade 
plate H; these should ideally fall into four equal pairs, commonly referred to as the 
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azimuthal angle 8. The circular scale divisions giving 8 can be read to 0-01° with the 
Vernier, but the actual matchings of intensities depend on the sensitivity of the eye of the 
observer. We find that the best results (?.¢., variations among the four $’s only in the 
fourth significant figure) are achieved when § itself is between about 5° and 22°; outside 
these limits matching becomes difficult owing to too great or too little illumination of the 
field of vision. In practice we control the value of 8 by choosing a suitable half-shade 
plate or altering the potential fall across the dielectric. These “ instrumental ”’ consider- 
ations, together with experience, underlie the quotations of B in Tables 1 and 2. 

In the application of equation (11) the factors ae,, 8, and y have in general much less 
influence on the ultimate ,.(.A,) than has 8. This may be illustrated by running through 
the calculations for Table 4 using § alone; ¢.g., the solutions in carbon tetrachloride being 
taken in the descending order there given, the following figures for ,(mA,) respectively are 
obtained : 6-0, 146, 1083, —28-4, —7-6, 105; these do not differ greatly from the values 
produced by the full expression. Moreover, since partial differentiation of (11) with 
respect to § shows 


AluoKe)) _ 28, 


wey) 8 (IB Fy +8 — Hy — Jay) 
it is clear that the larger 8 becomes the more will the relative error in ,,.(mK,) converge to- 
wards that in 8; even for moderate values of 8 the fraction 3/(1l — 8 + y + 8 — Hy — Jae,) 
is usually not far from unity (e.g., for the two cases of ether as a solute the ratios are 0-96 
and 1-2), although for small values it may be higher (e.g., for carbon tetrachloride in benzene 
the ratio is 1-7). Evidently, therefore, through the degree to which the observations of 
By» imperfectly fit the regressions AB = aw, ++ bw”, it is possible to make an estimate of 
the uncertainty of the final ..(mK¢). 
Accordingly, the standard errors of the “a” terms in the equations shown in Table 3 
have been evaluated as : 
Sa = +{nXA?/(n — 2)[nXw,? — (Zw,)*}}! 


where A is the difference between (AB)ops. and (AB)caic. m is the number of solutions 
examined, and wy, has its previous significance. A review of several dozen determinations 


TABLE 5. Comparison of present with previous results. 
No. of solns. for 


Solute Solvent Temp. 103? . (m3) Source which data recorded 
C,H, CCl, 20° 5-4 Briegleb, 1932 * 6 
Re 2 20 6-48 Otterbein, 1934 None given 
pe oa 2 7-0 + 0-4 Present paper 9 
CCl, C,H, 20 2-6 + 0-9 sr 7 
C,H,Cl CCl, 20 142 Otterbein, 1934 None given 
rs ‘zs 20 145 + 1-4 Present paper 8 
ie C,H, 23-5 142 + 5-7 a 9 
C,H,:NO, CCl, 20 666 Stuart and Volk- 4 
mann 1933 f 
AS a 20 1073 + Ill Present paper S 
ia C,H, 20 606 Stuart and Volk- 2 
mann, 1933 ft 
Re = 23 Not stated f{ Friedrich, 1937 9 
os ia 22 1050 + 11 Present paper 8 
CHCl, ccl, 20 — 23-4 Briegleb, 1932 5 
a eA 4 — 28-2 Sachsse, 1935 None given 
ss ~ 20 —28-5 + 0-9 Present paper 9 
= C,H, 25 —30-5 + 3-1 re 8 
Et,O ccl, 20 —3-6 Briegleb, 1932 9 
af et 20 —7-5 + 0-5 Present paper 10 
By CH, 20 —8-5 + 0-04 ‘a 9 
COMe, Cccl, 20 93-0 Briegleb, 1932 5 
i e 20 102 Otterbein, 1934 5 
m= 2 20 101 + 1-0 Present paper 5 
io C,H, 20 51-0 Briegleb, 1932 5 
o Fe 20 72-6 Otterbein, 1934 5 
" aa 20 83-4 + 1-7 Present paper 5 
Z. physikal. Chem., 1932, 16, B, 249. + Z. Physik, 1933, 88, 444. 


. 
¢ From Fig. 7 of Friedrich’s paper ,(m/,) appears to be ca. 1000. 
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made at intervals during this work shows that 10-’B, for either benzene or carbon tetra- 
chloride can, for a given temperature, be reproduced within a standard error of 0-002. 
Thus we have: 8 + sy = (8B, +- sa)/(By + 0-002). Col. 8 of Table 4 lists +100s;/3. We 
submit that these percentages, applied to their appropriate ,(m,) figures, afford a 
reasonable indication of the reproducibilities of the latter. 

Table 5 compares our values for ,,(mK,) with those published previously. For the 
first three solutes and acetone in carbon tetrachloride agreement is fairly satisfactory. 
The apparent discrepancies between the results of Stuart and Volkmann and those now 
recorded for nitrobenzene are due to the method of extrapolation to infinite dilution used 
by the German authors; recalculation of their data by equation (11) leads to ,.(mK,)’s 
approaching ours. 

Relation between ,(mK,) and (mK)gas.—It is desirable to ascertain how the molar Kerr 
constants as now measured in solution are related to the “ true ’’ values which should be 
obtained from the same solutes as gases. Stuart and Volkmann (Amn. Phystk, 1933, 18, 
121) have summarised the only extant experimental work from which the latter may be 
estimated. They report for each compound a quantity K (= Bd/n) at 760 mm. pressure 
and a specified temperature. By the Langevin-Born-Gans treatment K is expressible by 
equation (12) : 

1 eo (n® + 2) ; (e + 2)? xNd 2S ee 
3n? 9 M . 


i.e., as K = K, + Kg, where K, and K, contain respectively the temperature-dependent 
“anisotropy” and “dipole’”’ terms 6, and 0,. The last-named are expanded as (13) 
and (14) : 


l / 7 € 
0, 45kT [(a@, — a)(b, — by) + (ag — ag)(bg — 55) + (ag — 4,)(bg — 0,)] . + (13) 


l 1 9 9 
0. = 45h2T2 [(u? Fe Ug”) (dy 4 bs) a (es = Ug”) (by a bs) + (us" — U4") (bs nar b,)] (14) 


in which a, a, a3, and by, by, b, are the half-axes of the electrostatic and the electro-optical 
polarisability ellipsoids of a molecule, and y, pv», and ys are the appropriate resolutes of 
the resultant dipole moment along the three perpendicular directions denoted by subscripts 
1, 2, and 3. On the assumption (Gans, loc. cit.) that a,/by = ag/by = a3/b, = 
(ce — 1)/(m® — 1) Stuart and Volkmann used (15) for the depolarisation factor A of scattered 
light (cf. Cabannes, “‘ La Diffusion Moléculaire de la Lumiére,’”’ Les Presses Universitaires 
de France, 1929, Chap. XIII), and (16) for the molecular refraction R,, for light of infinite 
wave-length 


10s _ y= 8) + a — B+ (hy — Oy? * 
6— 7A (by + 6, + 3)? 
__42nN 6, + by + bg ; 

R,, = 2 ge ae (16) 


(cf. Debye and Sack, ‘‘ Handbuch der Radiologie,” Leipzig, 1925, Chap. 2), to split K into 
K, and Kg. 

It will be noted from (12), (13), and (14) that (6, + 6,) depends on the number of 
molecules per unit volume, while 0, and 6, respectively depend on 1/T and 1/T*. K, and 
K, therefore vary, in order, inversely as T? and T°. We have accordingly transformed 
the A, and Ky values given by Stuart and Volkmann to the temperatures used by us, and 
inserted their sum into (17), a relation which follows directly from the definition of K and 
equations (1) and (12) : 

mK = 6n2?KM/(n? + 2)?(c + 2)9d = 22N(0,+0,)/9 . . . (17) 
The results are included in Table 6. It is noticeable at once that, except with ether, the 
ratios between the “apparent” and ‘“‘true” molar Kerr constants of the polar solutes 
roughly resemble those for the squares of the “ apparent ” and “‘ true” dipole moments 
(when the former of these are drawn from observations on benzene solutions). From 
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Stuart and Volkmann’s values of K, for benzene vapour at 113-6° (5:5, x 10715) we 
estimate mKgas at 20° as 17 x 10°, while ,(mK,) in carbon tetrachloride at 20° is 
7 x 1071. Since for this molecule y = 0 and therefore 6, = 0, it is unjustifiable to expect 
the anistotropy terms for the polar substances to be invariant with state. A priors it 
seems likely that 6), being a function of u?, may vary with the medium as does u* apparent, and 
consequently the more 6, exceeds 6, the more will the mKsom, containing their sum appear 
to run in harmony with p,pparent. In agreement with this we find (using information 
incorporated in Table 7) the anisotropy and dipole terms of the substances listed in Table 6 


TABLE 6. Ratios (mK)soin./(mK)gas for polar solutes. 


Substance ri mK gas (calc.) Solvent mK sot. |e gas MH sotn, |e gas 
CY cia eee 20° 192 CCl, 0-76 _— 
23-5 188 C,H, 0-76 0-84 ! 
Co NRO cdy sav denghats 20 1332 CCl, 0-81 — 
22 1315 C,H, 0-80 0-87 } 
GHGY sc. istccceseomuess 20 — 26-7 CCl, 1-1 — 
25 — 25-8 C,H, 1-2 1-1} 
| 8 en es ey 20 —11-7 CCl, 0-64 — 
C,H, 0-73 1-22 
COM, 288k 20 106 CCl, 0-95 en 
C,H, 0-79 0-82—0-92 ! 


1 From Buckingham and Le Févre (J., 1952, 1932). * From Barclay and Le Feévre (J., 1952, 1643). 


to be related numerically as 1 to 5-8, to 34-2, to 9-7, to 2-3,, and to 31, respectively. The 
lowest of these figures is that for ether, the 6, for which is ca. 2 x 10° for the gaseous 
material: this needs only to be 4 x 10°°5 for ether as a solute at 20° to make (0)soin./(0») gas 
about 1-2 (¢.¢., the w*sotn,/22gas ratio). Such a change is less than that which present facts 
indicate, for example, with benzene. 

Polarisability Ellipsotds of Solutes——From the ,,(mK,) values given in Table 4, via 
equations (13)—(17) inclusive, we have calculated the principal half-axes of the 
polarisability ellipsoids for benzene and the five polar solutes. Except for benzene and 
chloroform (where from symmetry two are the same), each molecule presents three 
unknowns b,, b,, and 6, provided that a, a), and a, are transformed into 6,, b,, and 0, in 
(13); we have done this by writing a;/d; = (distortion polarisation)/(electronic 
polarisation) = pP/zP = pP/R,,. As depolarisation factors (A in equation 15) we have 
taken those given in Cabannes’s monograph (o/. cit.) as “la depolarisation limite "; 8)? is 
5A/(6 — 7A). In view of the conclusions drawn above from Table 6, we have used the 
appropriate ‘‘ solution ’’ rather than “‘ gas ’’ moments. 

Table 7 summarises the results and gives source references. It will be seen that these 
half-axes are not seriously affected by the solvent (except with acetone, whose mK in 
benzene seems unaccountably to be 20% lower than in carbon tetrachloride). For brevity 
when comparing (in Table 8) the estimates of Table 7 with those of previous workers we 
therefore omit those deduced from benzene solutions. For uniformity presuitant is taken 
as u, throughout. Our data are shown first in each case. 


TABLE 7. The polarisability ellipsoids. 


Solute RK. (€6.) pP (c.c.) 10%8,? Solvent pts D 107%), 10°), 10d, 
C,H,Cl 29-9 } 34-9 2 43-9 3 CCl, 1-59 4 1-445 1-404 0-685 
a a "7 C,H. 1-59 5 1-446 1-403 0-685 
C,H,°NO, 30-9 1 36-22 50-0 3 cCcl, 3-97 4 1-601 1-361 0-690 
3 z 3 re C,H, 3-965 1-600 1-361 0-691 
CHCl, 20-81 25-3 6 — eo 1:10? 0-588 0-935 0-935 
te a — — Ce 1-13 58 0-587 0-936 0-936 
Et,0 22-01 24:4, 8 23-3 2 CCl, 1-247 0-808 1-120 0-673 
os , a “ C,H, 1-26 8 0-806 I-107 0-687 
COMe, 15-7 17:39 15-3 3 CCL 2-744 0-695 0-695 0-465 
se a - pe Cele 2-744 0-681 0-734 0-442 
C.H, 25-05 1 26-9 10 —_ CCl, 07 1-112 1-112 0-737 


1 Calculated from molecular refractions listed by Landolt-Bérnstein, ‘“‘ Tabellen,”” 1912 edn. 
2 Sudgen and Groves, /., 1934, 1094. % From Cabannes, op. cit. * From data in Table 4 and the 
relevant pP listed here. * Le Févre, Trans. Faraday Soc., 1950, 46, 1. ® Barclay and Le Févre, /., 
1950, 556. 7 Wesson, M.I.T. Tables, 1948. *® Barclay and Le Févre, J., 1952, 1643. *® Taken as 
1-:1R,,. 1° McAlpine and Smyth, J. Chem. Physics, 1933, 1, 190. 
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The results of Sachsse and Briegleb are, like ours, derived from electric double refraction 
measurements on solutions; those of Parthasarathy are from light-scattering studies. 
It is, however, with the polarisabilities deduced by Stuart and Volkmann for the same 
compounds as gases at elevated temperatures that we particularly wish to make 


comparison. 


To begin with, the German authors themselves (ref. under Table 8) speak of 


TABLE 8. Comparison between present and previous estimates of b,, by and be. 


Substance 107d, 10”), 10*°d, Author(s) * 

C,H, 1-445 1-404 0-685 L. and L. 

1-593 1-324 0-758 S. and V. 
C,H,°-NO, 1-601 1-361 0-690 L. and L. 

1-776 1-325 0-775 S. and V. 
Aig | decnhs peoktwndneeycevasonee 0-588 0-935 0-935 L. and L. 

0-668 0-901 0-901 S. and V. 

0-73 0-90 0-90 Sachsse f 

0-810 1-202 1-202 Parthasarathy { 
Et,O 0-807, 1-120 0-673 L. and L. 

0-787 1-126 0-707 S. and V. 
ic REESE eet = Metre ae oe 0-695 0-695 0-465 L. and L. 

0-708 0-715 0-482 S. and V. 
Cate. srduesaar apenseceaencenars 1-112 1-112 0-737 L. and L. 

1-231 1-231 0-635 S. and V. 

1-17 1-17 0-78 Briegleb, 1932 t 

1-283 1-283 0-647 Parthasarathy } 


* L. and L., present work; S. and V., Stuart and Volkmann, Ann. Physik, 1933, 18, 121. 
+ Loc. cit. t Indian J. Physics, 1933, 8, 275. 


their b values as “ genahert bestimmen ” and in another paper (Z. Phystk, 1933, 80, 107) 
say ‘‘ die Zahlen fiir die Polarisierbarkeiten um einige Prozente andern kénnen.” Then, 
to obtain the sums (0, -+- bd, + 63) we have used R,—consequently our estimates of 
these quantities are consistently below those of Stuart and Volkmann. Moreover, we 
have introduced distortion polarisations and dipole moments which were not available in 
1933, and believe we have utilised better figures for 5,” than are obtainable from the A’s 
listed by these earlier workers. Accordingly, we claim to have demonstrated that, in the 
present state of knowledge, molecular polarisability ellipsoids can be determined from 
solution as dependably as from the vapour phase. 

Molar Kerr Constants of Pure Liquids.—When data for pure liquids are used with 
equation (1) the mAtiquia found is much smaller than mK gas (see Table 9, col. 7). The same 
sort of reduction occurs, of course, when the conventional Clausius—Mosotti—Debye relations 
are applied without modification to a gas and to its condensed phase (Tables 1 and 2 of 
Buckingham and Le Feévre, loc. cit., give some numerical illustrations of this), but from 
mK gas tO mMiiquia the shrinkage is relatively greater than that from pUges to priquia 
Empirically, however, we observe that multiplication of mMtiqua by the ratio ¢/np* provides 
figures not dissimilar from those deduced at infinite dilution in benzene (cf. Table 9, 
cols. 8 and 9). 

TABLE 9. Molar Kerr constants of pure liquids. 


Temp. _10°B, a! nf, ef 10!2(m4)  10"2€(mA')/n?— 1022(q A’) 
Se 23-5° 11-4 11026 1-524 5-634 57:7 140 142 
C,H,*NO,!... 2 354 11992 15560 345 70-9 1010 1050 
GO siasenices 25 —256 11-4790 1-443 4-724 —14-0 —318 —30-5 
L? 25 —0-614 0-7078 1-352 4-265 — 53 —12-3 — 85 
COMe, ......... 20 16-3 0-7905 1:3591 —-19-6 8:33 88-3 83-4 


1 The data for nitrobenzene are from Friedrich, Physikal. Z., 1937, 38, 318. 
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824. The Mode of Action of the Q-Enzyme of Polytomella 
coeca. 
By S. A. BARKER, A. BEBBINGTON, and E. J. BOURNE. 


The rate of conversion of potato amylose into amylopectin by the Q-enzyme 
of Polytomella coeca is increased markedly when maltosaccharides of short 
average chain-length are introduced. Other saccharides, devoid of «-1: 4- 
glucosidic linkages, do not have this effect. The maltosaccharides probably 
serve as receptors of dextrin chains transferred by the enzyme, a view which 
derives support from the fact that, in the presence of }#C-maltose, the protozoal 
enzyme converts amylose into a polysaccharide which displays “C-activity. 


ALTHOUGH the ability of oligo- and poly-saccharides to function as primers in the phos- 
phorylase-catalysed synthesis of amylose (Hanes, Proc. Roy. Soc., 1940, B, 128, 421; 
129, 174; Cori and Cori, J. Biol. Chem., 1939, 131, 397), and also in syntheses of other 
polysaccharides (for a recent review see Barker and Bourne, Quart. Reviews, 1953, 7, 56), 
is now well-established, no evidence has been obtained hitherto of the need for primers 
in the conversion of amylose into amylopectin by means of Q-enzyme. We wish to report 
more fully (see brief note, Barker, Bebbington, and Bourne, Nature, 1951, 168, 834) on 
such a phenomenon, encountered during an investigation of Polytomella coeca Q-enzyme 
(Bebbington, Bourne, Stacey, and Wilkinson, /., 1952, 240; Bebbington, Bourne, and 
Wilkinson, /., 1952, 246). 

An attempt was made to relate the activities of various Polytomella coeca Q-enzyme 
concentrations (ratios 1 : 2: 3:4) by a method analogous to that of Gilbert and Swallow 
(J., 1949, 2849), but using potato amylose as the substrate instead of starch. It was 
apparent that, although some degree of proportionality existed between the concentration 
of the enzyme and the time taken for a given fall in A.V. (6800 A) (Table 1, p. 4054), the 
results did not conform to the kinetic equation for a reaction of the first order (as they did 
when potato starch was treated with potato Q-enzyme), marked deviations from linearity 
being revealed when log (x — x,,) was plotted against ¢ (where x and x, are, respectively, 
the light absorption values at time ¢ and after complete reaction). The rate of fall in the 
value of A.V. (6800 A), which was very slow initially, increased markedly as the reaction 
progressed. The slow phase was not caused by the presence of an inhibitor in the enzyme 
solution, for when a digest was inactivated by heat after being allowed to proceed beyond 
this stage of the reaction, and a fresh portion of enzyme solution added, this phase was 
not re-encountered (Fig. 1). The rate of fall of A.V. (6800 A) was greater with an impure 
amylose (B.V. 0-95) than with amylose (B.V. 1-25), and it seemed likely that this difference 
could be attributed to the larger proportion of amylopectin impurity in the former, 
especially since both amylose samples had been prepared from potato starch by the same 
method, involving precipitation with thymol (Bourne, Donnison, Haworth, and Peat, /., 
1948, 1687). As confirmation of this, it was found that the kinetics of the reaction involving 
the amylose sample (B.V. 0-95) could be simulated by the addition of potato amylopectin 
to the amylose of higher B.V. 

That the observed effects were not due to the activation of traces of amylases, which 
might have been present as impurity in the enzyme preparations, was shown by the fact 
that, in the presence of the activator polysaccharide, there was no detectable increase in 
the normal small reducing power developed during the course of the Q-enzyme reaction. 
Furthermore, pretreatment of the activator (amylopectin) with a Q-enzyme preparation 
did not increase the activating ability, showing that the true activator was probably 
amylopectin, and not a product resulting from its conversion by the enzyme solution 
(Table 4, p. 4055). This activation was still exhibited when the Q-enzyme had been 
purified 7-fold {as determined for a soluble-starch substrate by Gilbert and Swallow’s 
method (/oc. cit.)}._ The purified enzyme showed the same relative rates of reaction with 
potato amylose (B.V. 1-27) and commercial soluble starch as it did beforehand (Table 11, 


p. 4057). 
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The activating powers of a number of polysaccharides were compared by using a standard 
digest containing potato amylose (B.V. 1-27), obtained by a combination of the methods 
involving the use of aluminium hydroxide and thymol (Bourne, Donnison, Peat, and 
Whelan, /., 1949, 1; Hobson, Pirt, Whelan, and Peat, J., 1951, 801). Liver glycogen 
and the native amylopectin of Polytomella coeca had approximately the same influence as 
potato amylopectin on the reaction rate, whilst the starch-type polysaccharides SII and 
SIII [prepared from potato amylose by means of the protozoal Q-enzyme (Bebbington, 
Bourne, and Wilkinson, Joc. cit.)], and the limit dextrin produced by the action of 8-amylase 
on potato amylopectin, were somewhat less effective (Table 2, p. 4054); inulin, xylan, 
and dextran (Betacoccus arabinosaceous) showed negligible activity (Table 3, p. 4054). 
Of other carbohydrates examined, D-glucose, D-galactose, and D-fructose had no significant 
influence on the reaction, whilst among the disaccharides (sucrose, maltose, lactose, and 
cellobiose) maltose alone greatly increased the rate of fall of A.V. (6800 A) in the early 
stages. These results suggest that the activator molecule for Q-enzyme must contain 
glucose units mutually linked by «-1 : 4-glucosidic bonds. 

Potato amylopectin (B.V. 0-15) was hydrolysed with N-sulphuric acid, and its ability 
to activate the protozoal Q-enzyme was examined at various stages of the hydrolysis. 


Fic. 1. The action of Q-enzyme on a partly Fic, 2. The activation of Q-enzyme by linear 
converted amylose. dextrins. 
x 00 y” 
x ' Digest /nactivated x 
8 G0} § G0r 
x ' Se 
& . RB 
R 60r 3 OF 
8 Amylose q 
°¢ 40} (avis) oe 40 
S 9 
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x se 
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The degradation products formed during the initial fragmentation of the amylopectin 
had about the same activating power as the parent polysaccharide (Table 5, p. 4055). 
Indeed, there had been very little decrease in activating power by the time that the apparent 
conversion into glucose, as determined by cuprimetric titration, had attained a value as 
high as 20% (equivalent to an average molecular size of 5 glucose units); thereafter, the 
activating power diminished more rapidly as the dextrins were converted finally into 
glucose. 

The activating power of the Neisseria perflava polysaccharide, which is known to belong 
to the amylopectin-glycogen class (Barker, Bourne, and Stacey, J., 1950, 2884), was 
surprisingly small, due perhaps to entanglement of the chains; mild acidic hydrolysis 
resulted in the development of an activating power comparable with that of potato 
amylopectin. The activating power reached a maximum when the reducing value 
corresponded to a conversion into glucose of ca. 10%, and then decreased slowly as the 
hydrolysis was continued (Table 6, p. 4055). These results, together with those for potato 
amylopectin, suggest that certain dextrins formed during the hydrolyses were more efficient 
activators than the polysaccharides themselves, on a weight for weight basis. 

Confirmation of this was obtained when the extent to which the activation is dependent 
on chain-length was examined by incubation of equal weights of maltose, maltotriose, 
maltotetraose, and maltopentaose with potato amylose and Q-enzyme. The results 
(Fig. 2) illustrate that there is an increase in activating power in passing from maltose 
through maltotriose to maltotetraose; maltopentaose has the approximately same 
activating power per unit weight as maltotetraose, and both are more effective than an 
equal weight of potato amylopectin. However, the «- and §-Schardinger dextrins failed 
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to function as activators; indeed, in each case a slight inhibition of the reaction was 
observed, which was not apparent after the -Schardinger dextrin had been submitted to 
very mild acidic hydrolysis (Table 7, p. 4056). 

The dependence of the degree of activation achieved on the concentration of the 
activator was examined in digests containing Q-enzyme, potato amylose, and different 
amounts of potato amylopectin. Although small quantities of amylopectin had quite 
a marked influence on the rate of the amylose conversion (see Table 8, p. 4056), the effect 
could be increased by further additions of the branched polysaccharide; even when the 
concentration of the amylopectin was half that of the amylose substrate, the limit of 
activation, although approached, had not been reached. Conversely, as the amount of 
amylopectin impurity in a given amylose sample was diminished by further fractionations, 
so the susceptibility of the sample to attack by the enzyme progressively decreased (Table 9, 
p. 4056). As was to be expected, mild treatment of an amylose sample with acid increased 
the rate at which it was subsequently attacked by Q-enzyme (Table 10, p. 4056). 

To summarise, it is clear that the rate of conversion of a potato amylose of high blue 
value by Polytomella coeca Q-enzyme is markedly increased by the introduction of malto- 
saccharides of short average chain-length (2—20 units), but not by any of the other 
carbohydrates tested. An activator molecule may be as small as maltose or as large as 
amylopectin, and so reducing groups cannot be responsible for these phenomena. The 
failure of the Schardinger dextrins to function as activators may be due either to their 
inability to assume a conformation acceptable to the enzyme, or to the possibility that 
the enzyme may require the presence of non-reducing end-groups in the activator, as is 
known to be the case with several other enzymes responsible for syntheses of polysac- 
charides. In this connection, it will be recalled that an indication has been obtained 
earlier that, in the initial stages of the action of potato Q-enzyme on amylose, the branches 
may be introduced near the non-reducing ends of the main chains (Barker, Bourne, Peat, 
and Wilkinson, J., 1950, 3022). 

These observations find a ready explanation if, as has been suggested previously 
(Hestrin, Brewers’ Digest, 1948, 23, 1; Barker, Bourne, and Peat, J., 1949, 1712; Barker, 
Bourne, Wilkinson, and Peat, J., 1950, 93; Hobson, Whelan, and Peat, J., 1951, 596), 
Q-enzyme is a transglucosidase. It is probable that each step in the amylose —» amylo- 
pectin conversion can be represented by the following scheme, in which the lines signify 
chains of «-1 : 4-glucopyranose units, and the arrow-heads represent reducing groups : 


(A) (B) (C) 
> + Q-Enzyme —[— —————_.-Enzyme + ———> 


(BD) 
(B) (D) 
Q-Enzyme +- ——-> == + Q-Enzyme 


There is, as yet, no direct evidence to show the minimum chain length which Polytomella 
coeca ()-enzyme requires in the amylose-type substrate (A), but the figure is probably not 
far removed from the 42 glucose units which applies in the case of the potato Q-enzyme 
(Bailey, Peat, and Whelan, Biochem. J., 1952, 51, xxxiv; Nussenbaum and Hassid, J. 
Biol. Chem., 1952, 196, 785). The maltosaccharide molecule (D), which serves as the 
receptor for the transferred chain (B), could be another intact amylose molecule, a residual 
dextrin (C) formed at an earlier stage in the process, or a branched product of the type 
(BD). If the second step controls the rate, the conversion of pure amylose would then 
be expected to be slow in the initial stages, because of the small number of chains available 
to serve as receptors (D), but the rate would increase progressively as the number of 
receptor chains was increased by the production of dextrins (C) and branched molecules 
(BD). It is likely that the function of the maltosaccharide activators described above is 
to increase greatly, in the early stages of the amylose conversion, the number of receptor 
chains of type (D). 

If this hypothesis be true, then some of the primer molecules should be incorporated 
into the structure of the branched product of the enzyme action, and this has been shown 

8D 
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to be the case. When potato amylose was treated with the Q-enzyme of Polytomella 
coeca in the presence of C-maltose, the polysaccharide product displayed radioactivity 
after being separated from the excess of 14C-maltose on a paper chromatogram. It remains 
to be seen whether Q-enzyme samples derived from other sources (e.g., the potato and 
the broad bean) are influenced by maltosaccharide primers in the same way. 


EXPERIMENTAL 


Isolation of Q-Enzyme.—The crude extract (100 c.c.), isolated from a culture (4 1.) of 
Polytomella coeca by the standard method of Bebbington, Bourne, Stacey, and Wilkinson (loc. 
cit.), was treated with lead acetate solution (pH 7-25; 18 c.c.), prepared as described by Barker, 
Bourne, and Peat (J., 1949, 1705), and the resulting lead—protein complex was discarded. 
The material precipitated by a further portion (7 c.c.) of the lead acetate solution was extracted 
with 0-2m-sodium hydrogen carbonate (50 c.c.) for 10 min. in the presence of carbon dioxide. 
The Q-enzyme, precipitated by addition of ammonium sulphate solution (50 g./100 c.c.; pH 
6-8; 50 c.c.) to the supernatant liquid, was collected in the centrifuge, after being kept at 0 
for 1 hr., and was dissolved in 0-02m-citrate buffer (pH 6-8; 12 c.c.). Several different Q- 
enzyme solutions were used in the work described. 

Deviations from a Reaction of the First Order.—Varying quantities (¥ c.c.) of the enzyme 
solution were incorporated in four digests (each 10 c.c.) containing amylose solution (5 c.c.; 
10 mg.) and 0-02m-citrate buffer [pH 6-8; (5—4)c.c.]. Therate of reaction at 25° was followed 
by staining aliquot portions (1 c.c.) with iodine (2 mg.) and potassium iodide (20 mg.) in a 
total volume of 100 c.c., and measuring A.V. (6800 A) in the manner described by Bourne, 
Haworth, Macey, and Peat (J., 1948, 924); the results are given in Table 1. The amylose 
solution had been prepared by dissolving potato amylose (100 mg.; B.V. 1-25) in 0-5N-sodium 
hydroxide (4 c.c.), neutralising the solution with sulphuric acid, and diluting it to 50 c.c. 


TABLE 1. Rates of reaction with various enzyme concentrations. 


Enzyme concn. (irene tne anesaipepninieia SSSI eee eee 
(* c.c.) 5 min 9 min 16 min. 22 min 
1 1-11 0-87 0-55 0-40 
2 0-84 0-45 0-27 0-21 
3 0-59 0-32 9-19 0-16 
4 0-43 0-26 0-17 0-14 


Examination of the Initial Phase-—Two samples of potato amylose having B.V. 1-25 and 
B.V. 0-95, respectively, were incorporated in separate digests (10 c.c.) containing amylose 
solution (see above; 10 mg.; 5 c.c.), 0-02Mm-citrate buffer (pH 6-8; 4-5 c.c.), and Q-enzyme 
(0-5 c.c.). In addition, a duplicate of the digest containing amylose (B.V. 1-25) was incubated 
at 25° for 11 min., deactivated at 100° for 15 min., cooled to 25°, and mixed with a further 
portion (0-5 c.c.) of the enzyme solution. The rates of reaction, at 25°, are shown in Fig. 1. 

Standard Digest for the Measurement of Activation.—The digest (10 c.c.) contained potato 
amylose solution (see above; B.V. 1:27; 9 mg.; 5 c.c.), activator [5 mg. in 0-02mM-sodium 

TABLE 2. Activation by polysaccharides of the starch type. 
% Initial A.V. (6800 A) after : 


te -% ti ate am ° net CF a 

Activator added 12 min. 22-5 min. 34 min. 44-5 min. 
MRM: asa ninteeabeneipessiie chs Rirskvak tet au kounes assere 98-5 90-9 85-6 77-1 
PURVOROCUMEEGO. SEE: Vasveecanddiescsacsiececccesscees 98-0 86-4 76:8 70-2 
SENDS MOOIINOD  ssiies vixen catnes beh vcs cenedsaaseneees 97-4 81-9 69-2 58-8 
RIOD UIE oni.nss nes snennceanskasndguscnsees 90-5 72:5 58-2 47-1 

11 min. 21 min. 31 min. 41 min. 
Nis sins ch sieth annie ania coulis bance bavieee ib pede peaneeks 96-7 87-0 78-4 70-3 
SUMMED CSEE. 80s cc tne chacecvdassccuaessetuns 95-2 83-7 72-2 63-9 
SIND Sch. cea sh adoasdest cas dten0d ciskewsdveecmeeniesen 84-0 62-3 47-0 36-0 
Ree MOIR os cxsasiven pececsscnovdiewssawis 80-1 59-1 43-0 32:9 
Polytomella coeca amylopectin ...............006068 82-4 61-0 43:8 32-1 


sulphate (2 c.c.)], 0-02m-citrate buffer (pH 6-8; 2 c.c.), and Q-enzyme (1 c.c.). The rate of 
reaction, at 25°, was followed as described above, and the degree of activation was obtained by 
comparison with a blank digest in which the activator solution was replaced by 0-02m-sodium 
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sulphate (2 c.c.). The results obtained with various carbohydrates as possible activators are 
shown in Tables 2 and 3. 


TABLE 3. Activation by other carbohydrates. 


% Initial A.V. % Initial A.V. 

Activator added after 55 min. Activator added after 55 min. 
PRN acs ccd caueskanconcate euedeae 76-6 COTIODIOIE is iccntxecnnctacicavcuvase 76:8 
DAGON ooi.dcpeusaxccntauiacenasenes 72:8 BORG oscscascchanndineweeeude tas 74:7 
pe On SR Ee eRe See ee 71-0 POIU,. 60s svetsdcéinmudemesivalcstonna 72-5 
De EMGRONE,. xccicecss tavassactnesissces 72:2 i TAI srs canine ces ceeppasnavanins dudins 71-2 
SRN. | akan Sav nan sesttaaarcesceceies 74:3 BREED wosecassonuabauschanb ocd tanya 75:2 
Maltose 59-0 Potato amylopectin ............... 37:1 


Activation by Q-Enzyme-treated Potato Amylopectin (B.V. 0-15).—Amylopectin (25 mg. ; 
5 c.c.) was incubated with Q-enzyme solution (2 c.c.) and 0-02m-citrate buffer (pH 6-8; 3 c.c.) 
at 25° for 45 min., during which there was a fall of 36-4°% in A.V. (6800 A). A similar digest, 
in which the enzyme solution had been replaced by 0-02M-citrate buffer (pH 6-8; 2 c.c.), was 
incubated simultaneously. Both digests were heated at 100° for 15 min., and cooled; aliquot 
portions (2 c.c.) were incorporated in two standard activator digests (see Table 4). 


TABLE 4. Effect of Q-enzyme on the activating power of potato amylopectin. 
A.V. (6800 A) as % initial A.V. : 


dey —_ 

Substrate 5 min. 10 min 25 min. 40 min. 
Amylose + amylopectin ............cssceseee eee ees 96-3 93-7 78-7 66-9 
Amylose -+- treated amylopectin .................- 98-3 95-2 82-6 71:3 


Activation by the Hydrolysis Products of Potato Amylopectin (B.V. 0-15).—The polysac- 
charide (413 mg.) was hydrolysed with n-sulphuric acid (100 c.c.) at 75° initially, and thereafter 
the temperature was slowly raised to 100°. Aliquot portions (5 c.c.) were neutralised with 
sodium hydroxide, then diluted to 10 c.c., and the reducing powers estimated by cuprimetric 
titration by the method of Shaffer and Hartmann (J. Biol. Chem., 1921, 45, 377). Other 
portions (2 c.c.) of the neutralised hydrolysate were incorporated, with potato amylose (B.V. 
1-27), in a series of standard activator digests. In Table 5, ‘‘ activating power ’’ is the difference 
between the fall (°) in A.V. (6800 A) of the digests containing the activators and the fall (% 
in A.V. (6800 A) of a digest from which the activator had been omitted. The incubation time 
was 80 min. 

TABLE 5. Effect of hydrolysts on the activating power of amylopectin. 
Activating power of hydrolysis product 35-5 35-6 35-3 32°8 32-1 32-4 28-8 11-0 
Apparent conversion into glucose (°%%) 0-0 0-7 2-2 4-0 7-6 18-5 39-8 84-4 

Activation by the Hydrolysis Products of the Neisseria perflava Polysaccharide.—The poly- 
saccharide (107 mg.) was hydrolysed with n-sulphuric acid (25 c.c.), as described above for 
amylopectin. Aliquot portions (2 c.c.) were neutralised with sodium hydroxide, then diluted 
to 5 c.c., and the reducing and activating powers of each solution determined as above (see 
Table 6). 

TABLE 6. Effect of hydrolysis on the activating power of Neisseria perflava 
polysaccharide. 
Activating power of hydrolysis product 83 27-1 34:3 366 400 384 33-4 20-6 
Apparent conversion into glucose (%) 0-0 0-5 1-5 2-8 72 167 42:9 803 

Activation by Oligosaccharides of the Maltose Series.—-Potato amylose (1-21 g.) was hydrolysed 
with N-sulphuric acid for 2 hr. at 80° and neutralised with barium carbonate; the components 
of the filtered solution were separated on a charcoal column according to the methods of 
Whistler and Durso (J. Amer. Chem. Soc., 1950, 72, 677) and Bailey, Whelan, and Peat (/J., 
1950, 3692). Elution with increasing concentrations of aqueous ethanol gave maltose (73-6 
mg.), maltotriose (85-9 mg.), maltotetraose (84-7 mg.), and maltopentaose (66-4 mg.). The 
activating powers of the dextrins (2-5 mg.), which were characterised by filter-paper chromato- 
graphy, were determined by incorporation in standard activator digests; the results are given 
in Fig. 2. 

Activating Powers of the Schardinger Dextrins.—Schardinger §-dextrin (50 mg.) was hydrolysed 
with 0-001N-hydrochloric acid (5 c.c.) at 100° for 7 hr. (French, Levine, and Pazur, J. Amer. 
Chem. Soc., 1949, 71, 356). The solution was neutralised with sodium hydroxide and diluted 
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to 10 c.c.; an aliquot portion (2 c.c.) was incorporated in a standard activator digest, and the 
activating power of the hydrolysate was compared with that of the original 6-dextrin (10 mg.), 
and also with that of Schardinger «-dextrin (10 mg.) (see Table 7). 


TABLE 7. Activating powers of the Schardinger dextrins. 
Activator added to amylose (B.V. 1-27) : None B-Dextrin f-Dextrin hydrolysate «-Dextrin 
Fall (%) in A.V. (6800 A) after 49 min. ... 22:8 6 23-0 14-5 
Relation between Activating Power and Concentration of the Activator.—Different quantities 
(x c.c.) of potato amylopectin solution [2-5 mg./c.c. in 0-01m-citrate buffer (pH 6-8)] and 0-01M- 
citrate buffer [pH 6-8; (2 — x) c.c.] were incorporated as activators in standard digests, and 
the rates of reaction determined in the usual manner (Table 8). 


TABLE 8. Activating power and concentration of the activator. 
% of Initial A.V. (6800 A) after : 


Amylopectin (mg.) added perce . i pamcnamsiabi 
as activator 9 min. 17 min. 25 min. 36 min. 

None 97-1 91-6 84:8 77-7 

1-25 93-0 2-2 70-8 58°3 

2-50 86-8 72:4 60-4 45:7 

3°75 85:5 69-2 57-0 42-0 

5-00 84°5 66-9 53°6 40-2 


Rates of Reaction with Different Amyloses.—Four samples of potato amylose were prepared. 
Amylose (B.V. 1:14) was obtained by thymol refractionation of amylose (B.V. 0-95), amylose 
(B.V. 1-27) by an aluminium hydroxide—thymol fractionation (Bourne, Donnison, Peat, and 
Whelan, loc. cit.; Hobson, Pirt, Whelan, and Peat, loc. cit.) of potato starch, amylose (B.V. 
1:38) by amyl alcohol refractionation of amylose (B.V. 1-27), and amylose (B.V. 1-39) by amyl 
alcohol refractionation of amylose (B.V. 1-38). Each amylose was examined as a substrate 
for Q-enzyme by incorporation in a standard digest. No activator was added, and the concen- 
trations of the polysaccharides were reduced to 8 mg./10c.c. of digest. The differing suscepti- 
bilities to Q-enzyme attack are illustrated in Table 9. 


TABLE 9. Rates of reaction with different amyloses. 
°% of Initial A.V. (6800 A) after : 
- —— “A. —_-— 


B.V. of amylose es i it sal i 
substrate 10 min. 25 min. 45 min. 70 min. 95 min. 
1-39 97-1 88-5 75-2 59-8 48-0 
1-38 96-8 87:5 73-0 57:1 45:3 
1-27 96-5 85-5 68-9 52-0 40-4 
1-14 94-0 77-0 57-0 38-0 29-0 


An Acid-degraded Amylose as a Substrate for Q-Enzyme.—Potato amylose (B.V. 1-27; 
180 mg.) was dissolved in 0-05N-sodium hydroxide (4 c.c.), and diluted to 40 c.c., before 2N- 
sulphuric acid (10 c.c.) was added. Two aliquots (10 c.c.) were removed, one before and one 
after the solution had been heated at 70° for 20 min., during which there was a fall of 7-4% 
in A.V. (6800 A). The samples were neutralised with sodium hydroxide, and diluted to 20 c.c. 
Portions (5 c.c.) of the neutral solutions were incorporated as substrates for Q-enzyme in standard 
digests, in the absence of added activator (Table 10). 


TABLE 10. Acid-degraded amylose as a substrate for Q-enzyme. 


STAINS TR OU G TINS MI UIOEY CTTRIIN, ngs ha cisek ocevve sec cncscesds coceseessase” 20 20 38 65 
Fall (%) in A.V. (6800 A) during enzyme action : 
NE MINN Svea cus vosndedeuns ca bessviadantewncsencsisaseusaseewss 0-0 1-4 7-6 19-9 
eee PON MIEN 50s aca ese nindecccesosalscousesstaaedanschéterene 2-4 9-1 18-2 32-7 


Comparison of the Activation of Q-Enzyme Samples of Different Specific Activities —An 
enzyme sample (12 c.c.), obtained as above, was purified further by dilution with 0-02m-citrate 
buffer (pH 6-8; 38 c.c.), addition of lead acetate solution (12:5 c.c.), and elution of the pre- 
cipitated complex with 0-2mM-sodium hydrogen carbonate (25c.c.), as before. Q-Enzyme was 
precipitated with ammonium sulphate solution (50 g./100 c.c.; pH 6-8; 25 c.c.), collected in 
the centrifuge, and redissolved in 0-02m-citrate buffer (pH 6-8; 12 c.c.); it had an absolute 
activity of 7-7 units compared with 1-1 units shown by the initial enzyme sample. [These 
activities were determined with soluble starch as substrate, in a somewhat similar fashion to 
that described by Gilbert and Swallow (loc. cit.).] The volumes of the two enzyme solutions 
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were adjusted with 0-02Mm-citrate buffer (pH 6-8) so that when aliquot portions (1 c.c.) were 
incorporated in two digests containing soluble starch the rates of reaction were almost identical. 
The rates of reaction were then compared when the enzymes were incorporated in standard 
digests containing amylose (B.V. 1:27), but not added activator (see Table 11). 


TABLE 11. Comparison of two Q-enzyme samples. 
A.V. (6800 A) as % of initial A.V. : 
—— —~_—A-— — $$ $$$ 


Enzyme ad ‘ 3 REE Se baisesoinachan 

Substrate activity 14 min. 28 min. 42 min. 63 min. 
Soluble Sawe) .ocuncvacs vocacseuncwareses 1-1 71-4 52-1 43-6 37-7 
Soluble starch cvs begusiouis cemerdesedag 7-7 74:5 55-5 45-0 40-2 
PERG oie on big cacncn enacev acuntacaenezes 1-1 93-6 81-0 7:2 53-8 
ABYIOOG- oon ose Gib ncc cia ebestecrsducicen as 7-7 94-6 83-1 72-1 58-6 


Isolation of *C-Labelled Polytomella coeca Stavch.—A medium (500 c.c.) containing peptone 
(0-5 g.), sodium acetate (0-6 g.), #CH,°CO,Na (200 mg.; 12-46 uc), CHy*4CO,Na (200 mg. ; 
15-24 uc), and indicator solution (0:5 c.c. of 0:5°4 bromocresol-purple and 0-5% of bromo- 
thymol-blue) was inoculated with a growing Polytomella coeca culture (peptone/ethanol; 2 c.c.), 
and incubated at 25° for 7 days, during which the pH was kept at 6-0—7-0 by the addition of 
acetic acid. A continuous stream of sterile air was passed over the surface of the culture in 
order to remove radioactive carbon dioxide, which was absorbed in saturated barium hydroxide 
solution. The radioactive starch (290 mg.), isolated from the cell debris with chloral hydrate 
(339%), showed 2100 counts/min. on a 1 cm.? tray (cf. Bevington, Bourne, and Wilkinson, 
Chem. and Ind., 1950, 691). 

Isolation of 4*C-Labelled Maltose.—A solution of the radioactive starch in N-sodium hydroxide 
(15 c.c.) was diluted to 145 c.c., and N-sulphuric acid (15 c.c.) was added. The neutral solution 
was incorporated in a digest containing 0-02mM-acetate buffer (pH 6-8; 120 c.c.) and salivary 
a-amylase solution (30 c.c.), prepared by the method of Meyer, Fischer, Staub, and Bernfeld 
(Helv. Chim. Acta, 1948, 31, 2158). After 18 hr. the enzyme was inactivated, and the digest 
was freeze-dried until the volume had been reduced to 40 c.c._ The solution was passed down 
a charcoal column, and the radioactive maltose (132 mg.) was recovered by elution with water 
and 5% aqueous ethanol; it was identified by filter-paper chromatography. 

Investigation of the Activation of Q-Enzyme using Radioactive Maltose.—A portion (1 c.c.) 
of a 0-02m-citrate buffer extract of freeze-dried Polytomella coeca (60 mg. in 6 c.c.) was incubated 
with potato amylose (B.V. 1-49; 15 mg. in 6 c.c.) and “C-maltose (10 mg.). After completion 
of the enzyme reaction (20 hr.), non-radioactive maltose (10 mg.) was added, the enzyme 
destroyed by boiling after a further 0-5 hr., and the solution freeze-dried to a white powder 
(A). A second portion (1 c.c.) of the enzyme extract was incubated with amylose (B.V. 1-49; 
15 mg. in 6 c.c.) alone, and after 20-5 hr. the enzyme was destroyed by boiling. A mixture of 
radioactive maltose (10 mg.) and non-radioactive maltose (10 mg.) was then added, and the 
white powder (B) obtained by freeze-drying. As a further control, a third portion (1 c.c.) of 
the enzyme extract was incubated with radioactive maltose (10 mg.) dissolved in water (6 c.c.). 
After 20-5 hr. the enzyme was destroyed by boiling, potato amylose (B.V. 1-49; 15 mg.) and 
non-radioactive maltose (10 mg.) were added, and the white powder (C) was obtained by freeze- 
drying. Equal portions (16 mg.) of (A), (B), and (C) were submitted to paper-chromatographic 
separation for 60 hr., the upper phase of a mixture of butanol (40%), ethanol (10%), water 
(49%), and ammonia (1%) being used as the solvent. A measure of the incorporation of radio- 
active maltose into the product of Q-enzyme action was obtained by radioactive counts along 
strips (1 cm. wide) cut from the base line of the chromatograms. The average count/min. 
along the strip from (A) was 26-2 compared with 12-1, 12-7, and 12-2 obtained with (B), (C), 
and the normal background, respectively. For all counts the standard error was less than 5%. 


The authors are indebted to Professor M. Stacey, F.R.S., for his interest, to Dr. J. C. 
Bevington for providing facilities for the assay of radioactive carbon, and to Professor D. 
French for samples of the Schardinger dextrins. They also express their gratitude to the 
British Rayon Research Association and Courtaulds’ Scientific and Educational Trust Fund 
for financial assistance to two of them (S. A. B. and A. B.). 
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825. Structure and Configuration of the Two Solid Dimerides 
of isoSafrole. 


By WiLson Baker, J. A. GoDsELL, J. F. W. McOmie, and T. L. V. ULBricur. 


The dimerides of isosafrole, m. p. 92° and 144°, have been converted by 
demethylenation followed by methylation into the fvams-trans- («-) and the 
cis-trams-(y-)racemate, respectively, of diisoeugenol dimethyl ether, thus 
establishing their structures and configurations. 


THREE dimerides of isosafrole (3: 4-methylenedioxypropenylbenzene) are known. A 
solid dimeride, m. p. 145°, has been obtained from tsosafrole by treatment with ethanolic 
hydrogen chloride at 160° (Angeli and Mole, Gazzetta, 1894, 24, 127; Mayer, Atti R. Accad. 
Lincei, 1914, 23, 358—in our hands this method gave a 13% yield), by exposure to light 
for a year in presence of iodine (8% yield; Ciamician and Silber, ibid., 1909, 18, 216; Ber., 
1909, 42, 1389), and by the action of sulphuric acid in acetic acid (yield unstated; G. M. 
Robinson, J., 1915, 275).* A second solid, m. p. 92°, has also been obtained by the last 
method (Schimmel, Chem. Zentr., 1905, I, 1569), and by the action of boiling ethanolic 
hydrogen chloride (Mayer, loc. cit.; Puxeddu, Gazzetta, 1913, 43, 128). When tsosafrole ' 
was heated with 90% formic acid, the higher-melting ditsosafrole was said to be formed 
(Glichitch, Bull. Soc. chim., 1924, 35, 1163), but we have only obtained the lower-melting 
form under these conditions (see Experimental). A liquid and a solid dimeride were 
obtained by the action of silicon tetrachloride on isosafrole (Imoto, J]. Chem. Soc. Japan, 
1937, 58, 1329, 1386). Takebayashi (tbid., 1943, 64, 1363; 1944, 65, 582; Chem. Abs., 
1947, 41, 3774) has obtained both solid dimerides by treating ‘sosafrole with hydrogen 
bromide, hydrogen chloride, and with the chlorides of aluminium, chromium, iron, and 
zinc. 

A liquid dimeride of tsosafrole was obtained as one product of the action of ethanolic 
hydrogen chloride. Its structure was shown to be 1 : 3-bis-(3 : 4-methylenedioxypheny])- 
2-methylpent-l-ene (Imoto, Joc. cit.; Pailer, Monatsh., 1947, 77, 45) corresponding to that 
of tsoanethole. Degradative studies on the solid dimerides have indicated that they are 
almost certainly dimorphic or stereoisomeric forms of 1-ethyl-2-methyl-5 : 6- methy lene- 
dioxy-3-(3 : 4-methylenedioxyphenyl)indane (I; R=H) (Pailer, loc. cit.;  Pailer, 
U, Milller, and Porschinski, Monatsh., 1948, 79, 620; Baker, Haksar, McOmie, and Ulbricht, 
J., 1952, 4310). Recently the structure and configuration of the solid dimerides of anethole 
and of 3:4- -dibenzyloxypropenylbenzene were established by converting them into di- 
isoeugenol dimethyl ether (II; R = Me) whose structure and stereochemistry were already 
known (Baker et al., loc. cit.). We have now been able to extend this correlation by con- 
verting the two solid dimerides of tsosafrole into the stereoisomeric ditsoeugenol dimethyl 
ethers (cf. Baker et al., loc. cit., p. 4312). 

The preparation of the higher-melting dimeride has been studied with the object of 
avoiding the use of sealed tubes. When tsosafrole was heated with hydrogen chloride in 
cyclohexanol or n-butanol, the dimeride of m. p. 144° was obtained in 1—2-5% yield; 
with toluene-f-sulphonic acid in n-butanol at 150° the yield was 1°, ; with orthophosphoric 
acid at 180° an even lower yield of the two solid dimerides was obtained. Winter (Thesis, 
Bristol, 1950) showed that isosafrole with zinc chloride at 120° gave a 1-5% yield of the 
dimeride, m. p. 144°, and by altering the conditions of this reaction the yield has now been 
raised to 8%. 

The conversion of the solid ditsosafroles into the corresponding ditsoeugenol dimethyl 
ethers was achieved by using a modification of Barger’s method of demethylenation (/., 


* Hoering and Baum (Ber., 1908, 41, 1914) heated isosafrole with phosphorus trichloride and penta- 
chloride, and, after adding water, isolated a crystalline product, m. p. 140—141°, which they regarded 
as ditsosafrole, in spite of the facts that it contained phosphorus and gave anz alytical figures some 25%, 
low in carbon and 2% low in hydrogen. Phosphorus pentachloride is known to react readily with 
methylenedioxybenze nes (Barger’s method of demethylenation used in the present work) and it is most 
unlikely, therefore, that Hoering and Baum obtained diisosafrole; we have been unable to obtain any 


diisosafrole by this method. 
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1908, 93, 563). The ditsosafroles (1; R = H) were heated with phosphorus pentachloride 
in dry benzene and the resulting bisdichloromethylenedioxy-compounds (I; R = Cl) 
were hydrolysed to the cyclic carbonates (1; R, = O) by cold water. The carbonates 
were then hydrolysed and methylated simultaneously in nitrogen, thus avoiding the 
isolation of the unstable tetrahydroxy-compounds (II and III; R= H). In this way the 
isosafrole dimeride of m. p. 92° yielded the a-racemate of ditsoeugenol dimethyl] ether (II; 
R = Me) which is known to have the trans-trans-configuration (A. Miiller, Mészaros, 
Koérmendy, and Kucsman, J. Org. Chem., 1952, 17, 787). Similarly the dimeride of m. p. 
144° yielded the y-racemate (III; R = Me) which has the cts-trans-configuration. Thus 
the solid dimerides of isosafrole are stereoisomers of structure (I; R = H) and they differ 
only in the configuration at position 1. This possibly explains why we have not been able 
to convert the lower- into the higher-melting form of ditsosafrole by distillation at 150° 
(Baker et al., loc. ctt., p. 4311), contrary to the claim by Mayer (loc. cit.). 


Kt Et 
O . A > . 
te eh Et Et /\/* 
SVAN ; HOy % 
R,C“ i {Me JN” nif Mee A | Me 
2 | ae ae RO ROY SY \. HO 
No“ 4 Rol | Me rol } A/ 
x \F Se \A Be (IV) 
oo UN N Et 
OZ Ro! rol} HO,» 
| | \F \4 HO! Me 
R,C—O RO RO D4 
(I) (II) (111) (V) 


The present result also appears to contradict the work of Pailer, U. Miiller, and 
Porschinski (loc. cit.) who degraded the diisosafrole, m. p. 146°, by ethylmagnesium iodide 
followed by hydriodic acid to 1-ethyl-5 : 6-dihydroxy-2-methylindane (IV) and catechol; 
similarly ditsoeugenol dimethyl ether («-racemate) with hydriodic acid gave the same 
indane (IV). It is possible that the degradations proceed via 1-ethyl-5 : 6-dihydroxy-2- 
methylindene (V) with subsequent reduction of the double bond. In this way original 
differences in configuration at positions 2 and 3 would disappear. Our attempts to 
realise this degradation of ditsoeugenol dimethyl ether to the dihydroxyindane (IV) have not 
been successful, although catechol was isolated. 


EXPERIMENTAL 

Diisosafrole, m. p. 92°.—This was prepared in 69% yield by heating tsosafrole with formic 
acid according to Glichitch (loc. cit.) who, however, stated that the method gave the higher- 
melting isomeride. 

Diisosafrole, m. p. 142°.—isoSafrole (50 g.) was heated with powdered anhydrous zinc chloride 
(10 g.) for 5 hr. at 140—150°. An ethereal solution of the product, after being washed with 
water and dried, deposited crystals. After 24 hr. two crops (total 5-2 g.), m. p. 130—140°, 
were obtained, which, when recrystallised from light petroleum (b. p. 80—100°), gave diiso- 
safrole, m. p. 142° (4-03 g.). The ethereal solution also yielded the other isomeride (4-37 g.), 
m. p. 85—87°. . 

Conversion of Diisosafrole, m. p. 92°, into Diisoeugenol Dimethyl Ether, m. p. 105—106° 
(a-Racemate).—Diisosafrole, m. p. 92° (5 g.), in benzene (15 c.c.) was added to a hot solution 
of phosphorus pentachloride (15 g.) in dry benzene (60 c.c.). The mixture was heated on a 
steam-bath for 1} hr., during which the colour changed from red to green and finally to a deep 
Prussian-blue. After cooling, the solution was poured into ice and water, the benzene layer 
(now yellow-green) washed with water and dried, and the benzene removed under reduced 
pressure in nitrogen; the solution again became deep blue. Methanol (30 c.c.), methyl 
sulphate (10 c.c.), and aqueous sodium hydroxide (20%; 20 c.c.) were then added in turn, with 
mechanical stirring, in nitrogen. More methyl sulphate (10 c.c.) and sodium hydroxide solution 
(20 c.c.) were added, and once again after heating under reflux for } hr. After a further 2} 
hours’ heating, the methanol was removed under reduced pressure, and the solution was made 
alkaline and extracted with ether. The dried ethereal solution yielded a yellow oil (3-8 g.), 
b. p. 195—210°/0-5 mm. The oil was dissolved in the minimum quantity of ethanol and filtered 
through a column of alumina, which was eluted successively with light petroleum (b. p. 60— 
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80°) and methanol. The product slowly crystallised (one week; this is characteristic of the 
a-racemate), as needles, m. p. 88—90° (0-9 g.). Recrystallisation from methanol gave diiso- 
eugenol dimethyl ether («-racemate), m. p. alone or mixed with an authentic specimen, 105—106°. 

On addition of a few drops of bromine in acetic acid to a 1% solution of the product in acetic 
acid no purple colour was obtained, whereas the $- and the y-racemate give a strong and a weak 
purple-violet colour respectively (A. Miiller et al., loc. cit.). 

Conversion of Diisosafrole, m. p. 142°, into Diisoeugenol Dimethyl Ether, m. p. 100° (y- 
Racemate).—The procedure was as above, until the methylation, which was carried out in 
acetone (30 c.c.). Methyl sulphate (10 c.c.) and aqueous potassium hydroxide (30%; 15 c.c.) 
were added in turn, with mechanical stirring, in nitrogen. After addition of similar quantities 
of the reagents, the mixture was heated for }hr., then made alkaline with potassium hydroxide 
solution (45 c.c.), and more methyl sulphate (10 c.c.) was added. After a further $ hour’s 
heating, the solution was again made alkaline with potassium hydroxide (40 c.c.) and heated 
under reflux for 2 hr. After being worked up as before, a yellow oil, b. p. 200—210°/1 mm. 
(3-6 g.), was obtained. The oil was filtered through a column of alumina and it then crystallised 
from methanol as prisms, m. p. 90—96° (0-63 g.).. Recrystallisation gave diisoeugenol dimethyl 
ether (y-racemate), m. p. 98—100°, not depressed by admixture with an authentic sample kindly 
supplied by Professor A. Miiller. 

With both specimens, bromine in acetic acid gave a definite, but not intense, purple colour. 


We thank the Department of Scientific and Industrial Research for a maintenance allowance 
awarded to T. L. V. U. 
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826. Synthesis in the Santonin Series. Part III.* The Use of 
8-Substituted Vinyl Ketones. 
By P. R. Hitts and F. J. McQuiLtin. 


The condensation of 8-substituted vinyl ketones, R°-CH{CH*COEt (R = 
Cl, MeO, C;H,N‘}Cl-, or Et,N) with 2-methylcyclohexanone has been 
applied to the synthesis, with elimination of the group R, of ketones 
containing the dienone structure characteristic of santonin. 


In Part II * we reported the condensation of pent-l-yn-3-one with the keto-ester (I; R 

MeO,C-CHMe) to the dienone (II; R = MeO,C*CHMe, R’ = Me) related to santonin. 
The yield was, however, quite small. Woodward and Singh (J. Amer. Chem. Soc., 1950, 
72, 494), who first described this type of synthesis in the preparation of a ketone (II; 
R = R’ = H), obtained a similarly small yield, as also did Gunstone and Heggie (/J., 
1952, 1437) in the preparation of (II; R= H, R’ = Me) by this method. From a 
consideration of the difficulties noted in Part II, it appeared that $-substituted vinyl 
ketones (III) capable of undergoing condensation with concomitant (or subsequent) 


>Ir 


elimination of the substituent R’ might be more useful. 


Me Me RY R” 
C * / ~ Fay ae Me CH Me CH 
R AD | ae eee <8 ¢ ee » CH *." CH ts SCH 
ja < ay. Vly et ys © cl "iT to 7 +R 
Wr 79 Vv C=O- VY CO 
ra . if: 
(I) CH, CH, CH, 
(II) Me Me Me 
(IIT) (IV) 


We therefore examined the condensation of 2-methyleyclohexanone with 1-chloropent- 
l-en-3-one (III; R’’ = Cl), readily available from reaction of vinyl and propionyl 


* Part II, J., 1952, 3839. 
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chlorides, (cf. Catch, Elliott, Hey, and Jones, J., 1948, 278), and with the ketones (III; 
R” = MeO, C;H;N*}CI-, and Et,N). 

The substituent R was varied so as to modify the electrophilic reactivity of the vinyl 
ketone system, the donor substituents being expected to reduce reactivity in the order 
Cl < MeO < Et,N, and the pyridinium group to enhance it. This modification of the 
mesomeric polarisation of the vinyl ketone system is reflected in the ultra-violet absorption 
spectra of these and related substances (in alcohol) (see Table), and in the expected sense. 


Amax. (My) log € Amax. (my) log € 
CH,.CH-COMe € ........0 210 3-81 MeO-CH:CH:COEt ... 249 4-05 
CH:C-COMe ! ............ ¢@. 215 3-7 NEt,‘CH:CH:-COEt ... 308 4:24 
CECKLCEPOCORE «0 sce oss 230 4-08 C,H,N-CH:CH-COE?t}Cl 210, 260 208, 3°85 


1 Cf. Bowden, Heilbron, Jones, and Weedon, J., 1946, 39. 


In the case of 1-(3-oxopent-l-enyl)pyridinium chloride the positions of maximum 
absorption of both chromophores are substantially unchanged, but the intensities of 
absorption are increased in both cases; for pyridinium chloride in alcohol, Swain, Abner, 
Woodward, and Brice (J. Amer. Chem. Soc., 1949, 71, 1342) give Amax. 256 my (log ¢ 3-73). 

The alteration of the substituent R did not, however, appear as an important influence 
on the yield in the condensation, except with the diethylamino-ketone in which the highly 

O< neutralised ’”’ system (see inset) failed to undergo condensation; as 
a a ie) might have been expected. On use of the sodio-derivative of 
Et,N~-CH—CH™-C:Et 2_methylcyclohexanone, the yield in the remaining cases (R 
Cl, MeO, C;H;N}Cl) was of the same order as with pent-l-yn-3-one. The product was also 
in each case clearly a mixture of the dienone (II; R = H, R’ = Me) and a diketone (IV), 
which could be isolated as the respective 2 : 4-dinitrophenylhydrazones. 

These results, emphasising the réle of the alkali-metal enolate as basic catalyst for 
elimination and polymerisation reactions of the vinyl ketones, suggested the use of less 
electropositive metals for formation of the 2-methylcyclohexanone enol ion. Lund (Ber., 
1934, 57, 935), Riegel and Lilienfeld (J. Amer. Chem. Soc., 1945, 67, 1273), Brandstrém 
(Arkiv Kemi, 1951, 2, 587), and Hackman (/., 1951, 2505) have noted an influence of the 
cation on the reactivity of enolate bases, and Oroshik and Mebane (J. Amer. Chem. Soc., 
1949, 71, 2062) an analogous influence in the case of acetylides, although whether these 
observations arise from some direct effect of the cation or indirectly through an influence 
on, é.g., solubility, is not clear. Similarly, using the calcium or, better, the lithium 
enol derivative of 2-methylcyclohexanone in condensation with 1-chloropent-l-en-3-one 
appreciably improved the yield, although the product was again found to be a mixture 
of dienone and diketone. In other instances cyclodehydration of a 1: 5-diketone 
(or the derived ketol) has been effected by means of both acid and alkaline catalysts 
(cf. Adamson, McQuillin, Robinson, and Simonsen, /., 1937, 1576). In the present case, 
despite the possibility of desmotropic rearrangement, the use of cold 50% sulphuric acid 
proved to be most satisfactory. In this way the lithium enol condensation product 
afforded the pure dienone (II; R= H, R’ = Me) in good yield. The dienone and its 
2 : 4-dinitrophenylhydrazone showed light absorption identical with that of the product 
obtained by using pent-l-yn-3-one (cf. Gunstone and Heggie, Joc. cit.), and on hydrogen- 
ation the dienone absorbed the theoretical volume to yield 1 : 10-dimethyl-2-decalone. 
On condensation with the calcium enol derivative the same dienone was obtained but it 
was in this case necessary to chromotograph the acid-treated product on alumina to separate 
a persistent impurity. The yields observed in a number of experiments were: with the 
sodium enol derivative 3—4°%; with the calcium derivative, 12—14%; and with the 
lithium derivative, 20°4. The calcium enol derivative at —-30° and at room temperature 
gave essentially the same result. 

As an analogue for the condensation of 1-methoxypent-1l-en-3-one, 1-isopropoxybut-l- 
en-3-one was prepared and condensed with ethyl sodiomalonate, to give the expected 
product (V) accompanied by a crystalline substance, CgH,,O,, which from its properties 
is regarded as the 2-pyronecarboxylic ester (VI). 
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1-Methoxypent-l-en-3-one (III; R = MeO) was obtained by the action of toluene-p- 
sulphonic acid in boiling acetic anhydride on 1: 1-dimethoxypentan-3-one, which was in 
turn obtained from reaction of 1-chloropent-l-en-3-one with one equivalent of sodium 


es 
Me-CO-CH:CH-CH (CO,Et), Mey *yo. 25 
‘0,E 


(v) \O (v1) 


methoxide in methanol. Bowden, Braude, and Jones (/J., 1946, 946) found analogous 
diethyl acetals quite resistant to toluene-p-sulphonic acid alone, and in our case this 
reagent or potassium hydrogen sulphate was only partly effective. 

The reaction of 1-chloropent-1-en-3-one with methanolic sodium methoxide appears to 
be influenced by the presence of traces of moisture. Using specially dry methanol gave a 
product which from its light absorption contained ca. 80°% of 1-methoxypent-1l-en-3-one. 

1-Diethylaminopent-l-en-3-one with methyl iodide was shown to undergo the expected 
g-aminocrotonate type of alkylation (cf. Robinson, /., 1916, 1038), yielding 2-methy]l- 
3-oxopentanal (VII) and diethylamine hydriodide. Analogous hydrolysis of 1-diethyl- 


I H,O 
Et, NY cHYH-cort —+> I-{*Et,NICH-CH-COEt —> Et,NH,*}l + Et-CO-CH-CHO 
CH, CH, 
CH,—I (VII) 


aminopent-l-en-3-one was observed in warm aqueous acid, leading in this case to 1: 3: 5- 
tripropionylbenzene as the stable product, identified by oxidation to trimesic acid. The 
tripropionylbenzene was also obtained more directly by the action of cold alcoholic 
potassium acetate on 1-chloropent-l-en-3-one. Ethyl acetate could also be detected in 
this reaction which clearly involves alcoholysis of an intermediate (VIII) followed by 
cyclodehydration of the 3-oxopentanal (IX) formed. 


EtOH 
(VIII) Et-CO-CH:CH-OAc —— EtOAc + Et-CO*CH,CHO (IX) 


The ultra-violet absorption spectrum of 1 : 3: 5-tripropionylbenzene showed displace- 
ment of a short-wave band from its position with acetophenone, which led us to examine 
related substances for similar behaviour (see Table). In these symmetrical benzene 


Amax. (mp) (log € in parentheses) 


MAS DOMMONOO os sins paces see acsccassrees — 226 (4-0) 270 (2-6) 
PROT G1 CORRES os .55.5 65000 dns soscde oes 216 (4-61) ~230 (infl.) * ~280 (infl.) * 
COE ESRI OOF ink isisscieecocsasssececeses 209 (4-59) 230 (4-07) 282 (2-78) 
POO DONOIG Foi. none cos needs soncnaccnsys 199 (4-3) 240 (4-1) 278 (3-03) 
1:3: 5-Triacetylbenzene .................. 226 (4-6) ~245 (infl.) * 294 (2-7) 
1: 3: 5-Tripropionylbenzene ............ 226 (4-64) ~245 (infl.) * 294 (2-8) 
Ls 3.3 B-ErMLODEMSOHS.« oos.cocscenssonsees 225 (4°23) 240 (4-23) ~290 (infl.) * 


* Inflexion. '! Doub and Vandenbelt, J. Amer. Chem. Soc., 1949, 71, 2414. # Morton and 
Stubbs, /., 1940, 1347. 


derivatives, the short wave-length, “ ethylenic” absorption shown by acetophenone at 
199 my, and by methyl benzoate at some shorter unrecorded wave-length, undergoes 
bathochromic displacement so as to overlap the B-band which is essentially unaffected. 
The 209-mu band in the spectrum of tsophthalic acid (Doub and Vandenbelt, Joc. cit.) 
evidently represents a corresponding, albeit smaller, displacement. If these short-wave 
maxima are regarded as displaced E-bands of the aromatic ring, the extra meta-substituent 
must be concerned in some energetic stabilisation of the /p-polarised states (e.g., X) largely 
concerned in this mode of excitation (cf. Craig, Proc. Roy. Soc., 1950, A, 200, 401; Bowden 
and Braude, J., 1952, 1068). Inspection of (XI) shows that in all #p-polarised states 
orbital overlap, as in (XII), may be expected to lead to energetic stabilisation. A similar 
effect to be expected with 1 : 3 : 5-trinitrobenzene was observed. Consideration of excited 
states involving structures such as (XITT) and (XIV) is equivalent only to inclusion of (XV) 
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as a contributing form and, in view of the coplanarity required in (XIV), seems unlikely to 
result in relative stabilisation of this mode of excitation. The position of the B-band 
should therefore be essentiallv unaffected. 


COR 
Pia “\ 
RCO! ‘COR 
VY Y 
(X) (XI) (XII) 
R-C-O- R-C-O R-=0 
ee, ) O “~\ O- 
Rco! )cor Rco| LCR rco. Lér 
/ \ 7 \4 
(X11) (XIV) (XV) 
EXPERIMENTAL 


Pent-1-yn-3-one.—In the condensation of acetylene with propaldehyde (Adams and 
McGrew, J. Amer. Chem. Soc., 1937, 59, 1497) it has been found that additional cooling of the 
liquid-ammonia solution by means of a carbon dioxide—alcohol bath results in preferential 
self-condensation of the aldehyde, giving a product consisting principally of 2-methylpent-2- 
enal, characterised as its 2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 158° (Found: 
C, 51-5; H, 5-1. C,.H,,O,N, requires C, 51-8; H, 5-05%). 

1-Chloropent-1-en-3-one.—Powdered aluminium chloride (272 g.) was added to propionyl 
chloride (203-6 g.) cooled in ice-salt, and with vigorous stirring vinyl chloride was passed into 
the closed flask until the theoretical increase in weight (137-5 g.) was obtained. The product, 
isolated by means of chloroform after addition of crushed ice, formed a colourless liquid (190 g.), 
b. p. 57—59°/12 mm., which was observed to be somewhat vesicant (cf. Catch, Elliott, Hey, 
and Jones, Joc. cit.) (Found: C, 50-9; H, 6-4. Calc. for C;H,OCI: C, 50-6; H, 59%). The 
2 : 4-dinitrophenylhydrazone formed orange-yellow prisms, m. p. 166°, from alcohol (Found : 
C, 44-4; H, 4:0. C,,H,,O,N,Cl requires C, 44-2; H, 3-7%). 

1-Diethylaminopent-1-en-3-one.—(i) Pent-l-yn-3-one (4-6 g.) in ether (20 c.c.) was cooled in 
ice and treated with diethylamine (4-1 g.) in ether (20 c.c.). After some time the mixture 
was distilled, to give 1-diethylaminopent-1-en-3-one (3-9 g.), b. p. 106—107°/2 mm., n@ 1-5300 
(Found: N, 8-8. C,H,;,ON requires N, 9-0%). 

(ii) 1-Chloropent-1-en-3-one (59-5 g.) in ether (120 c.c.) was cooled in ice-salt, and a solution 
of diethylamine (73 g.) in ether (100 c.c.) gradually added. After some days diethylamine 
hydrochloride was removed by filtration, and from the filtrate 1-diethylaminopent-1-en-3-one 
(60 g.) was obtained, having b. p. 156—159°/18 mm., n} 1-5303 (Found: C, 69-3; H, 10-6. 
C,H,,ON requires C, 69-7; H, 10-9%). 

1-(3-Oxopent-l-enyl) pyridinium Chloride.—A solution of 1-chloropent-l-ene (1-2 g.) and 
pyridine (0-79 g.) in ether (10 c.c.) was kept for 2 days and the crystalline product (0-6 g.) 
filtered and washed with ether. Recrystallised from slightly moist acetone the pyridinium 
chloride formed slightly pink needles, m. p. 132°, which darkened on storage (Found: N, 7-0. 
Ci9H,,ONCI requires N, 7:1%). The picrate formed yellow needles, m. p. 144—145°, from 
water (Found: C, 49-5; H, 3:8. C,.H,,O,N, requires C, 49-2; H, 3-6%). 

1-Methoxypent-1-en-3 oe.—(i) A solution of sodium (7 g.) in dry methanol (200 c.c.) was 
added to a solution of 1-chloropent-1l-en-3-one (35-3 g.) in dry methanol (200 c.c.) with cooling, 
and the mixture kept overnight. Sodium chloride was then filtered off and washed with a 
little dry methanol, and the filtrate distilled, to give 1: 1-dimethoxypentan-3-one (28-5 g.), 
b. p. 80°/12 mm., nf 1-4278, Amax. (in EtOH) 247 my (log e 2-28) (Found: C, 57-9; H, 9-7. 
C,H,,0; requires C, 57-5; H, 9-6%). 

(ii) The product of a similar reaction in specially dry methanol showed njf 1-4572, and 
Amax. (in hexane) 241 my (log e 3-94). 

(iii) 1: 1-Dimethoxypentan-3-one (46 g.) in acetic anhydride (40-5 g.) with a few mg. of 
toluene-p-sulphonic acid was refluxed for 2 hr. and then distilled, to give 1-methoxypent-1-en-3- 
one (20-8 g.), b. p. 94°/15 mm., nP 1-4638 (Found : C, 62-8; H, 8-8. C,H,,O, requires C, 63-2; 
H, 8-8%). 
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(iv) Removal of the elements of methanol from 1 : 1-dimethoxypentan-3-one by refluxing 
for some hours with toluene-p-sulphonic acid in toluene gave a product (nj 1-4443) showing 
Amax, (in alcohol) 249 my. (log ¢ 3-5). Similar treatment with a little potassium hydrogen sulphate 
in boiling toluene gave a product having nj} 1-4508. 

1-isoPropoxybut-1-en-3-one.—The sodio-derivative of formylacetone (30 g.) in isopropanol 
(150 c.c.) and isopropyl iodide (60 g.) was set aside for 24 hr. and then refluxed until neutral 
(3—4 hr.). The solvent was removed in vacuo and the residue extracted with ether. Distil- 
lation gave 1-isopropoxybut-1-en-3-one (6-5 g.), b. p. 98—102°/12 mm., nj? 1-4607 (Found: C, 
65:3; H, 9-6. C,H,,O, requires C, 65-6; H, 9-4%). Reaction in acetone was less satisfactory 
(cf. von Auwers, Ber., 1938, 71, 2082; Johnson and Posvic (J. Amer. Chem. Soc., 1947, 69, 1361). 

Condensation of Sodio-2-methylcyclohexanone with Pent-1-yn-3-one, 1-Chloropent-1-en-3-one, 
and Other Vinyl Ketones.—The sodio-derivative was prepared by addition of 2-methyleyclo- 
hexanone (2 mols.) in ether to sodamide [prepared from sodium (1 atomic equiv.) and liquid 
ammonia] and refluxing of the whole in nitrogen. Reaction of 2-methylcyclohexanone (36:8 g.) 
with pent-l-yn-3-one (14 g.) afforded a product (1-4 g.), b. p. 100°/0-1 mm., nj 1-5190, which 
gave the 2: 4-dinitrophenylhydrazone of 2:5:6:7:8: 10-hexahydro-1 : 10-dimethyl-2-oxo- 
naphthalene as scarlet prisms, m. p. 236—237°, Amax, 404 my (log ¢ 4-48),as described by Gunstone 
and Heggie (loc. cit.) (Found: C, 60-4; H, 5-9. Calc. for C,gH,,O,N,: C, 60-7; H, 5-6%). 

Reaction with the vinyl ketones mentioned below was carried out by adding the vinyl ketone 
in an equal volume of ether to the sodio-derivative of 2-methylcyclohexanone cooled in ice-salt 
and keeping the mixture at 0° for 3 days. 

2-Methyleyclohexanone (49 g.) and 1-chloropent-l-en-3-one (25 g.) gave material (2-6 g.), 
b. p. 115—125°/1 mm., n}# 1-5038. 2-Methyleyclchexanone (41 g.) with 1-methoxypent-1l-en- 
3-one (20-8 g.) gave a product (1 g.), b. p. 100°/0-1 mm., nf 1-5402. 2-Methylcyclohexanone 
(56 g.) with 1-(3-oxopent-l-enyl)pyridinium chloride (49-3 g.) similarly gave material (1 g.), 
b. p. 120—125°/1 mm., n? 1-5076. All these products afforded the 2: 4-dinitrophenyl- 
hydrazone, m. p. 236—237°, noted above. 

Condensation of 2-Methylcyclohexanone with 1-Chloropent-1-en-3-one by Means of Lithium and 
Calcium.—(i) 2-Methylcyclohexanone (44-8 g.) in ether (20 c.c.) was added to lithium amide 
(from 1-54 g. of lithium and liquid ammonia) under ether (200 c.c.) and the whole refluxed in 
nitrogen with stirring to complete elimination of ammonia. 1-Chloropent-l-en-3-one (16-9 g.) 
in ether (20 c.c.) was then added with cooling in ice-salt and, after 3 days at 0°, the product 
(6 g.), b. p. 80°/0-02 mm., nj! 1-4987, was isolated. This material afforded a yellow 2: 4-di- 
nitrophenylhydrazone which was purified by chromatography on alumina, the main fraction 
eluted by benzene-ether (5:1) yielding the bis-2 : 4-dinitrophenyvihydrazone, m. p. 108°, of 
1-methyl-1-(3-oxopent-1l-enyl)cyclohexan-2-one (Found : C, 52-4; H, 4-6. C,,H,,O,N, requires 
C, 52-0; H, 4-7%). The mother-liquor from this preparation deposited the 2 : 4-dinitrophenyl- 
hydrazone, m. p. 238°, of 2:5:6:7:8: 10-hexahydro-] : 10-dimethyl-2-oxonaphthalene. 
This product is, however, probably an artefact from the action of alcoholic sulphuric acid; 
the original condensation product absorbed 0-99 mol. of hydrogen, calculated on a formula 
Cy2H 1,03. 

(ii) Cyclisation. (a) The condensation product from the above experiment (1-6 g.) was 
added to 50% (v/v) sulphuric acid (15 c.c.) at 0° and, after 3 hr., recovered by dilution with 
water and ether-extraction. Washing the ethereal extract with 3N-sodium hydroxide gave only 
a trace of phenolic material. The ethereal solution, after being washed with water and 
dried, gave 2: 5: 6:7: 8: 10-hexahydro-] : 10-dimethyl-2-oxonaphthalene (1-15 g.), b. p. 
78°/0-05 mm., nf} 1-5429, Amax. (in alcohol) 240 my (log ¢ 3-94) (Found: C, 81:9; H, 9-0. Calc. 
for C,,H,,O: C, 81:8; H, 9-1%). On hydrogenation with palladised charcoal in alcohol this 
absorbed 2 mols. of hydrogen and from the product 1: 10-dimethyl-2-decalone 2 : 4-dinitro- 
phenylhydrazone, m. p. 185—186°, was isolated (Found: C, 59-8; H, 6-6. Calc. for 
C,gH,,O,N,: C, 60-0; H, 6-7%). 

(6) The condensation product (2 g.), treated in ether (20 c.c.) with dry sodium ethoxide 
(from 0-2 g. sodium) for 3 days, and then gently refluxed for 1 hr., gave an incompletely cyclised 
product, b. p. 82°/0-1 mm., n?5 1-5239. 

(ii) Condensation by means of calcium. 2-Methylcyclohexanone (35 g.) in ether (40 c.c.) with 
calcium amide [from calcium (5 g.) in liquid ammonia] under ether (200 c.c.) was treated 
with 1-chloropent-1l-en-3-one (29-6 g.) as above, and afforded 7 g. of material, b. p. 103— 
107°/1 mm., mf 1-5118. This (2-5 g.) was cyclised by treatment with 50% (v/v) sulphuric acid 
as above, giving, after chromatography of the product on alumina (75 g.), 2:5:6:7:8: 10- 
hexahydro-1 : 10-dimethyl-2-oxonaphthalene (1-3 g.), nj? 1-5403, from a light petroleum- 
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benzene eluate (Found: C, 81:5; H, 9-4. Calc. for C,,H,,O: C, 81:8; H, 9:1%). This 
material absorbed 2 mols. of hydrogen in the presence of palladised charcoal, and afforded the 
characteristic 2: 4-dinitrophenylhydrazone, m. p. 237—238°. An earlier fraction, eluted by 
petroleum alone, gave material (0-9 g.), np 1-5197, Ama. (im EtOH) 240 my (log ¢ 3-54); this 
material which absorbed one mol. on hydrogenation, gave analytical results in agreement with a 
formula C,,H,,0 (Found: C, 80-8; H, 10-5. Calc. for C,,H,,0: C, 80-9; H, 101%); with 
2: 4-dinitrophenylhydrazine, however, the characteristic 2: 4-dinitrophenylhydrazone, m. p. 


237°, of 2:5:6:7:8: 10-hexahydro-1 : 10-dimethyl-2-oxonaphthalene was obtained. This 
fraction is therefore regarded as containing the dienone contaminated with some persistent less 
unsaturated impurity. 

Condensation of 1-isoPropoxybut-l-en-3-one with Ethyl Malonate.—Ethyl malonate (7-5 g.) 
in benzene (10 c.c.) was added to a solution of sodium (0-3 g.) in ethanol (25 c.c.), and treated 
with 1-isopropoxybut-1l-en-3-one (5-5 g.) in benzene (25 c.c.) with ice cooling. After 4 days the 
mixture was refluxed for 3 hr. and gave a main fraction (2-2 g.), b. p. 1837—145°/1 mm., from 
which a solid component could be separated by means of ether—light petroleum. The non- 
crystalline part on distillation gave material, b. p. 105°/0-1 mm., nP 1-4781, giving a violet 
colour with alcoholic ferric chloride and an orange-yellow solution in alkali (Found: C, 58-0; 
H, 7:2. C,,H,,0;, 1: 1-diethorycarbonylpent-2-en-3-one, requires C, 57-9; H, 7-0%). The crystal- 
line material was recrystallised from benzene and then sublimed (80°/0-05 mm.), to give prisms, 
m. p. 87°, showing no colour with alcoholic ferric chloride and giving with alkali an orange-red 
solution (Found: C, 59-7; H, 5:8. C,gH, 90,4, ethyl 6-methyl-2-pyrone-3-carboxylate, requires 
C, 59-4; H, 55%). 

1:3: 5-Tripropionylbenzene.—(i) 1-Chloropent-1l-en-3-one (10 g.) was added to a solution of 
freshly fused potassium acetate (10 g.) in dry alcohol (75 c.c.) and after 4 days ether was added 
and the precipitated salt filtered off. The filtrate, on distillation, gave material (4 g.), b. p. 
180-——183°/1-5 mm., which solidified. Recrystallisation from light petroleum (b. p. 60——80°), 
followed by vacuum-sublimation, gave 1 : 3: 5-tripropionylbenzene, m. p. 74—75° (Found: C, 
73:0; H, 7:0. C,sH,,O 3 requires C, 73-1; H, 7-3%). 

(ii) The same product was obtained by treating 1-diethylaminopent-l-en-3-one (5 g.) with 
2°% aqueous sulphuric acid (50 c.c.) and warming the mixture on the steam-bath for l hr. The 
tripropionylbenzene was also obtained in an attempt to prepare a picrate of the diethylamino- 
vinyl ketone in aqueous picric acid. 

1 : 3: 5-Tripropionylbenzene gave a 2 : 4-dinitrophenylhydrazone, m. p. 196°, from alcohol as 
orange-yellow prisms (Found: C, 59-0; H, 5-5. C,,H,.O,N, requires C, 59-2; H, 5-2%). 

Reaction of 1-Diethylaminopent-1-en-3-one with Methyl Iodide.—This ketone (12 g.) was 
treated under reflux on the steam-bath with methyl iodide (21-2 g.) for 36 hr., whereafter 
excess of methyl iodide was removed and the residue warmed with water for 30 min. Ether- 
extraction and distillation gave 2-methyl-3-oxopentanal (4 g.), b. p. 60—61°/20 mm., n? 
1-4614, which solidified to prisms, m. p. 41—43° (Found: C, 63-0; H, 9-0. Calc. for CgH,,O, : 
C, 63-1; H, 88%). This material and the copper complex obtained as olive-green plates, m. p. 
172—173° (Found: C, 50-2; H, 6-6. Calc. for C,,H,gO,Cu: C, 49-8; H, 6-2%), were identical 
with authentic specimens obtained by Claisen and Meyerowitz’s method (Ber., 1889, 22, 3275). 
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827. Some Transformations of «-Acetamido-8-hydroxy-p-nitro- 
propiophenone. 
By V. Petrow, O. STEPHENSON, and B. STURGEON. 

The stability of «-acetamido-$-hydroxy-p-nitropropiophenone (I) towards 
various reagents has been examined and some new transformation products 
have been obtained. 

Some of the reactions observed were also shown by certain aryl analogues 
of the parent compound. 


SrupiEs on the stability of «-acetamido-$-hydroxy-p-nitropropiophenone (I) towards 
various reagents led to the formation of compounds active against EF. histolytica and thence 
to the series of transformations recorded below. 

Treatment of (I) and of the corresponding N-ethoxycarbonyl and N-propiony] derivatives 
with concentrated hydrochloric, formic, or phosphoric acid resulted in the formation of a 
pale yellow product, C,H,0,N, which yielded #-nitrobenzoic acid on oxidation with 
hydrogen peroxide in acetic acid. Its constitution as 1-p-nitrophenylpropane-1 : 2-dione 
(Il) followed from its conversion into a dioxime, a mono- and a bis-phenylhydrazone, and a 
quinoxaline derivative (with o-phenylenediamine). Reaction with benzaldehyde and aniline 
gave 4-p-nitrophenyl-1-phenyl-3 : 4-diphenyliminobut-1l-ene (III) (cf. Borsche and Titsingh, 
Ber., 1909, 42,4283). The p-chloro- and the p-bromo-derivative of «-acetamido-$-hydroxy- 
propiophenone behaved in the same way, passing readily into the corresponding diketones 
on acidolysis. Formation of (II) from (I) no doubt occurs through intermediate production 
of (VI), followed by fission as indicated in (XIII). (VI) is also an intermediate in the acid 
hydrolysis of (I) to (II). 

Treatment of (I) with pyridine at 100° yielded a mixture of products A, m. p. 124°, and 
B, m. p. 187—-192°; the proportions depended on the time of heating, as the former com- 
pound passed into the latter under these experimental conditions. Analysis showed that 
the two compounds were isomeric and differed from (I) by removal of the elements of water. 
That such removal involved the terminal hydroxyl group of (1) followed from the observ- 
ation that «-acetamido-$-acetoxy- and -$-benzoyloxy-p-nitropropiophenone were likewise 
converted into a mixture of A and B when heated with pyridine in the same way. 

Formulation of product A as «-acetamido-p-nitroacrylophenone (VI) was indicated by 
spectroscopic data and finally proved by the bromination studies outlined below. The 
infra-red absorption spectrum of the material revealed a carbonyl group conjugated with 
an unsaturated linkage, together with an imino-residue which was not hydrogen-bonded. 
The presence of the f-nitrobenzoyl moiety in the molecule was proved by oxidation with 
hydrogen peroxide in glacial acetic acid to p-nitrobenzoic acid in nearly quantitative yield. 
The carbonyl group was further characterised by preparation of a phenyl- and a #-tolyl- 
hydrazone and of an azine. Ponndorf reduction, however, failed to give the corresponding 
alcohol but gave instead a dehydration product of the latter, also encountered during 
Ponndorf reduction of (I) (cf. Long and Troutman, J. Amer. Chem. Soc., 1949, 71, 2473) 
and probably best represented by (V). Warm mineral acids effected quantitative conver- 
sion of (VI) into (II), and it is thus probable that (V) is also an intermediate in the acid 
hydrolysis of (I) to (II) [see also the conversion of ethyl «-dichloroacetamido-p-nitrocin- 
namate into p-nitrophenylpyruvic acid (Huebner and Scholz, tbid., 1951, 73, 2089)}. 

Formulation of product A as (VI) was also supported by the observation that the same 
compound was readily obtained in excellent yield by direct condensation of w-acetamido-p- 
nitroacetophenone with formaldehyde in acetic acid solution containing dimethylamine 
(t.e., acetate ion). a-Carbethoxy-, «-dichloroacetamido-, and «-propionamido-p-nitro- 
acrylophenone were similarly prepared. Product A was also formed from (I) by treatment 
with a basic catalyst in acetic acid solution. 

Reaction of (VI) with one molar proportion of bromine led to a monobromo-derivative 
formulated as «-acetamido-$-bromo-p-nitroacrylophenone (X). Evidence for this con- 
stitution rested upon (i) the formation of f-nitrobenzoic acid on chromic acid oxidation 
from which it follows that the bromine atom is not situated in the aryl nucleus, and (ii) 


(1953) a-A cetamido-8-hydroxy-p-nitropropiophenone. 4067 


degradation of (X) by hydrochloric acid to a mixture which, when condensed with o- 
phenylenediamine, yielded 2-bromomethy]-3-/-nitrophenylquinoxaline (IX), also obtained 
directly from (II) via its w-bromo-derivative. 
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(R = p-NO,C,H,) 


Treatment of (VI) with acetic anhydride containing a little sulphuric acid gave an acetate 
which passed, on mild alkaline hydrolysis, into an alcohol isomeric with (VI) and assigned 
the constitution 4-hydroxymethyl-2-methyl-5-p-nitrophenyloxazole (IV; R’ = CH,°OH). 
2-Methyl-5-p-nitrophenyl-4-propionoxymethyloxazole (IV; R’ = CH,°O-COEt) was like- 
wise obtained by employing propionic anhydride, its formation from (V1) presumably taking 
place by the mechanism indicated in (XIV). Inter alia, we observed, on one occasion, the 
conversion of (I) into (IV; R’ = CH,°OH) on treatment with concentrated sulphuric acid, 
but attempts to repeat the preparation proved unsuccessful. 

The presence of a hydroxy] group in (IV; R’ == CH,*OH) was shown by formation of a 
phenylurethane and by treatment with thionyl chloride which gave a chloro-derivative 
similarly formed in low yield from (I). The constitution of this chloro-compound as a 
2-methyl-5-p-nitrophenyloxazole derivative followed from its ultra-violet absorption 
spectrum which showed very close similarity to that of authentic 2-methyl-5-p-nitrophenyl- 
oxazole (IV; R’ = H) obtained from «-acetamido-p-nitroacetophenone by treatment with 
concentrated sulphuric acid (cf. Lister and Robinson, J., 1912, 1297) or from a-amino-p- 
nitroacetophenone hydrochloride by reaction with acetic anhydride. Catalytic reduction 
of (IV; R’ = CH,°OH), followed by acetylation, gave 5-p-acetamidophenyl-4-acetoxy- 
methyl-2-methyloxazole. 

The facility with which compounds of type (VI) pass into oxazoles (IV) was further 
shown by the behaviour of «-acetamido-$-bromo-p-nitroacrylophenone (X) with acetic 
anhydride and concentrated sulphuric acid : 4-diacetoxymethyl-2-methyl-5-p-nitrophenyl- 
oxazole [IV; R’ = —CH(OAc),| was readily obtained. The formulation of this compound 
as a 2-methyl-5-p-nitrophenyloxazole derivative followed from its ultra-violet absorption 
spectrum. Its constitution as the 4-aldehyde diacetate was confirmed by hydrolysis to 
the free aldehyde and conversion of the latter without isolation into a semicarbazone and 
into 4-hydroxymethyl-2-methyl-5--nitrophenyloxazole (IV; R’ = CH,’OH) by Ponndorf 


reduction. 
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Another rearrangement of the same type was achieved in the following way. Bromin- 
ation of (X) with one, or of (VI) with two molar equivalents of bromine, led to the formation 
of an unstable tribromide formulated as (XII), which passed into «-acetamido-$$-dibromo- 
p-nitroacrylophenone (XI) in boiling acetic acid. The last compound (XI), when treated 
with acetic anhydride-sulphuric acid, gave 2-methyl-5-p-nitrophenyloxazole-4-carboxy lic 
acid (IV; R’ = CO,H), characterised as the ethyl ester and identified by decarboxylation 
to 2-methyl-5-p-nitrophenyloxazole (IV; R’ = H). 

Evidence for the structure of product B (see p. 4066) is less satisfactory. The compound 
evidently contains the p-nitrobenzoy] residue as it yields p-nitrobenzoic acid on oxidation with 
hydrogen peroxide in acetic acid. Its ultra-violet absorption spectrum, though generally 
similar to such p-nitrobenzoy] derivatives as (I) and (VI), differs from them in showing a 
shoulder in the region of 290 mu. Its infra-red absorption spectrum revealed the presence 
of an imino-group which was hydrogen-bonded, a carbonyl group as in (I), and the possibility 
of an unsaturated linkage «$ to the carbonyl group. The whole infra-red absorption 
spectrum, however, was very complicated and the large number of bands between 8 and 
15 mu suggested a highly resonant structure with more than one form. It seems difficult 
to avoid drawing the conclusion that the compound is a labile dihydro-oxazole with (VII) 
as the “‘ imine form.”’ Unfortunately attempts to confirm the presence of an imino-group 
in (VII) by reaction with acetic and propionic anhydride were not entirely satisfactory, as 
the beautifully crystalline derivatives obtained gave equivocal analytical data. 

Careful treatment of (VII) with cold concentrated hydrochloric or sulphuric acid led to 
the formation of an isomer, m. p. 233°, of unknown structure with an absorption spectrum 
almost identical with that of (VII) but lacking the inflection at 290 mu. Further reaction 
of this material for of (VII) or (I)] with hot concentrated hydrochloric or other acid, e.g., 
formic, acetic, and propionic, resulted in the production of a high-melting product, 
C,,HgO,No, in very low yield, evidently formed from it by a rearrangement involving loss 
of the elements of water and provisionally formulated as (VIII), in accordance with which 
the ultra-violet absorption spectrum of the compound shows a general resemblance to that 
of (VI). 

The facility with which the foregoing transformations occur appears to be related to 
the -++-J effect of the methyl group present in the acy] residue in (I). Thus, whereas «-propion- 
amido-, «-benzamido-, a-dichloroacetamido-, and «-ethoxycarbonylamido-$-hydroxy-p- 
nitropropiophenone (cf. I) undergo ready dehydration to the corresponding «-acylamido-/- 
nitroacrylophenone (cf. VI), only the first of the derivatives is then readily convertible into 
an isomer of type (VII). 

Attempts to prepare the 3-phenyl analogue of (VI) by condensing w-acetamido-/- 
nitroacetophenone with benzaldehyde in boiling acetic anhydride led only to the formation 
of the enol acetate (XV; R’ = R” = Ac), which passed into w-acetamido-p-nitroaceto- 
phenone phenylhydrazone on treatment with phenylhydrazine. Rather surprisingly, 
reaction of w-acetamido-p-nitroacetophenone with propionic anhydride resulted in the 
formation of the dipropionate (XV; R’ = R” = COEt), also obtained from «-propion- 
amido--nitroacetophenone. Acetylation of the last compound with acetic anhydride, 
however, gave (XV; R’ = Ac, R’’ = COEt). The desired «-acetamidostyryl #-nitro- 
phenyl ketone (XVI; R’ = Ph) was ultimately obtained by condensing w-acetamido-p- 
nitroacetophenone with benzaldehyde in ethanol in the presence of a basic catalyst (see also 
Collins, Ellis, Hansen, Mackenzie, Moualim, Petrow, Stephenson, and Sturgeon, J. Pharm. 
Pharmacol., 1952, 4, 693). «-Acetamido-p-nitro-, -o-hydroxy-, and -f-methoxy-styry] 
p-nitrophenyl ketone were similarly prepared by employing /-nitrobenzaldehyde, salicyl- 
aldehyde, and p-anisaldehyde in the reaction. 

In contrast to (VI; R’ = H), (XVI; R’ = Ph) failed to isomerise to a product of type 
(VII) in refluxing pyridine during 2 hours and was recovered unchanged after prolonged 
heating with anhydrous formic acid at 95°. Treatment with hydrogen peroxide in acetic 
acid, too, followed a different pattern, an epoxide being obtained. No reaction occurred 
with phenylhydrazine. Its formulation as (XVI; R’ = Ph) followed, however, from its 
behaviour on vigorous hydrolysis with concentrated hydrochloric acid, degradation typical 
of (VI; R’ = H) and not shown by (VII) and (VIII) being observed with formation of 1-/- 
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nitrophenyl-3-phenylpropane-1 : 2-dione (cf. II). Treatment of (XVI; R’ = C,HyOMe-f) 
with hot concentrated hydrochloric acid gave 3-p/-methoxyphenyl-1-p-nitrophenylpropane- 
1 : 2-dione. 

Acetylation of (XVI; R’ = Ph) in boiling acetic anhydride gave a product which 
did not appear to be an acety! derivative of (XVI; R’ = Ph) per se as it failed to undergo 
hydrolysis with aqueous-ethanolic sodium carbonate. Its ultra-violet absorption spectrum, 
too, though generally similar to that of the parent compound, nevertheless showed an 
additional maximum at 301 my. We therefore prefer a cyclic structure for this compound 
and assign it the constitution 3-acetyldihydro-2-methyl-4-p-nitrobenzoyl-5-phenyloxazole. 
Its reconversion into (XVI; R’ = Ph) on treatment with hot aqueous-ethanolic N/4- 
hydrochloric acid, though different from the behaviour of the related compound (VII) 
(see above), is nevertheless compatible with the proposed structure as the stability of (VII) 
would clearly be influenced in the required direction by the —I effect of the 5-phenyl 
substituent. 


‘Br H} 
R-C———C:CH Ph:OR’ R:CO-C———C::Ph 
R:CO-C=CHR’ Ac,0-Ht | id 
; O iN | Br 7 
NHAc CMe Nv /OlH! 
(XVI) (XVII (xvir1) CMe 
R-CO-C C:Ph R-C===C-COPh 
| | H+ R-CO-CH(NHAc)-CHy_ 
N. 0 A Ny. O oO 
Nokes hee R-CO-CH(NHAc):CH,“ 
(XIX) (XX) (XXI) 


(R = p-NO,°C,H,) 


Reaction of (XVI; R’ = Ph) at room temperature with acetic anhydride containing 
a trace of concentrated sulphuric acid followed the pattern established for (VI; R’ = H) 
with formation of 4-«-acetoxybenzyl-2-methyl-5-f-nitrophenyloxazole (XVII; R’ = Ac), 
readily hydrolysed by aqueous-ethanolic sodium carbonate to the alcohol (XVII; R’ = H). 
Reaction with bromine, in contrast, failed to give the phenyl analogue of (X), a bromine- 
free product, identified as 2-methyl-4-f-nitrobenzoyl-5-phenyloxazole (XIX) and evidently 
formed as indicated in (XVIII), being obtained. The constitution assigned to (XIX) 
followed from (i) its ultra-violet absorption spectrum which showed a maximum at 267 mu 
characteristic of the oxazole structure and (ii) its behaviour with dilute hydrochloric acid 
when, in common with other 4-acyl-5-aryloxazoles, it rearranged to an isomeric compound 
formulated as 5-benzoyl-2-methyl-4-p-nitrophenyloxazole (XX) (see Cornforth, ‘“‘ The 
Chemistry of Penicillin,” Princeton Univ. Press, Princeton, N. Jersey, 1949, p. 700). 
Vigorous acidolysis of (XIX) gave p-nitrobenzoic acid admixed with a smaller quantity of 
benzoic acid. Bromination of «a-acetamido-f-methoxystyryl 1-p-nitrophenyl ketone 
(XVI; R’ = C,H,OMe-f) similarly furnished 5-p-methoxyphenyl-2-methyl-4-p-nitro- 
benzoyloxazole (cf. XIX), from which #-nitrobenzoic acid was obtained by treatment with 
hot concentrated hydrochloric acid. 

The marked lability of (I) was further shown by the observation that when heated in 
ethanol in the presence of small quantities of sodium carbonate or other weakly basic 
substance it readily gave a product, C,,H,.O,N,, evidently formed from 2 mols. of (I) by 
elimination of the elements of water. As alkaline reagents are known to effect dehydration 
of (I) to (VI) (see above) it seems reasonable to conclude that carbonate effects conversion 
of part of the «-acetamido-$-hydroxy-f-nitropropiophenone (I) into the «$-unsaturated 
ketone (VI), which then undergoes base-catalysed addition of the primary alcohol (I) to 
give 2: 6-diacetamido-1 : 7-di-p-nitrophenyl-4-oxaheptane-1 : 7-dione (XXI) [cf. for 
example, the base-catalysed addition of methanol to 3$-acetoxypregna-5 : 16-dien-20-one 
to give 33-acetoxy-16-methoxypregnan-20-one (Marker, /. Amer. Chem. Soc., 1949, 71, 4149; 
Fukushima and Gallagher, zdid., 1950, 72, 2306)|. In support of this formulation we find 
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that the product has an absorption spectrum which resembles that of the parent compound 
(I) and also forms a bisphenylhydrazone. Acetic anhydride is without action upon it but 
propionic anhydride gives a well-defined propionyl derivative. Reaction with acetic 
anhydride containing a trace of sulphuric acid leads to loss of the elements of water with 
formation in low yield of a product, Cyg,HygOgN,, of unestablished structure. 


EXPERIMENTAL 

Ultra-violet absorption spectra were determined in isopropanolic solution. 

1-p-Nitrophenylpropane-1 : 2-dione (II).—(a) «-Acetamido-8-hydroxy-p-nitropropiophenone 
(5 g.) was heated with formic acid (15 ml. of 98%) for 4 hr. on the steam-bath. After dilution 
somewhat, the mixture was allowed to cool and the separated crystals (3-0 g.) were collected and 
purified from light petroleum (b. p. 60—80°). 1-p-Nitrophenylpropane-1: 2-dione formed 
lemon-yellow prismatic needles, m. p. 91—92° (Found: C, 56-2; H, 3-6; N, 7-4. C,H,O,N 
requires C, 56-0; H, 3-7; N, 7:3%), Amax. = 270 mu (EY%,, = 700). 

(b) The dione (II) was obtained (82% yield) by heating (I) (10 g.) with phosphoric acid 
(40 ml. of B.P.) for 40 min. on the steam-bath. 

(c) The alcohol (I) (100 g.) was heated on the steam-bath with concentrated hydrochloric acid 
for 30 min. When the mixture cooled, (II) separated (38 g.) and was collected. The filtrate 
was extracted with chloroform, then evaporated to dryness under reduced pressure. Crystallis- 
ation of the residue from ethanol furnished «-amino-8-hydroxy-p-nitropropiophenone hydro- 
chloride (47 g.), needles, m. p. 188° (decomp.) (Found: N, 11-5; Cl, 14:7. C,H,,»O,N,,HCl 
requires N, 11-4; Cl, 14-4%). This was converted into (II) in 39% yield by heating it on the 
steam-bath with concentrated hydrochloric acid for 45 min. 

(2) When a-acetamido-p-nitroacrylophenone (1 g.) (VI; see below) in cold concentrated 
hydrochloric acid (10 ml.) was warmed on the steam-bath, separation of (II) rapidly occurred and 
was complete in a few minutes. After crystallisation from light petroleum the diketone was 
obtained in nearly quantitative yield, and had m. p. 88—89° (Found : C, 56:0; H, 3-9; N, 7-3%), 
not depressed on admixture with a sample prepared by (a) above. 

The dioxime of (II), after crystallisation from aqueous ethanol, formed small needles, m. p. 
213—-216° (Found: N, 19-0. C,H,O,N, requires N, 18-8%). Heating (II) (970 mg.) in alcohol 
(70 ml.) with phenylhydrazine (2-16 g.) in acetic acid (5 ml.) on the steam-bath for } hr. gave the 
monophenylhydrazone as bright yellow needles, m. p. 212—213° (from alcohol) (Found: C, 
63-1; H, 4:9; N, 15-0. C,;H,,0,N, requires C, 63-6; H, 4:6; N, 14:8%). The acetic acid 
mother-liquors, after concentration and dilution, deposited the bisphenylhydrazone, dark red 
needles, m. p. 164° (Found: C, 68-0; H, 4-8; N, 19-5. C,,H,,O.N; requires C, 67-5; H, 5-1; 
N, 18:8%). The quinoxaline derivative, after crystallisation from light petroleum (b. p. 80— 
100°), was obtained in plates, m. p. 131° (Found: C, 67-6; H, 4:4; N, 15-8. C,,;H,,O,N, 
requires C, 67-9; H, 4:2; N, 158%). 4-p-Nitrophenyl-1-phenyl-3 : 4-diphenyliminobut-1-ene 
(III), prepared by treating (II) (500 mg.) in alcohol (20 ml.) with benzaldehyde (500 mg.) and 
aniline (500 mg.) for 3} hr. on the steam-bath, separated from aqueous ethanol in dark red 
shining plates, m. p. 183—-185° (Found: C, 77-8; H, 5-4; N, 9-6. C,gH,,O,N, requires C, 
77-9; H, 4:9; N, 9-7%). 

1-Phenylpropane-1 : 2-dione was prepared by heating «-acetamido-8-hydroxypropiophenone 
(1 g.) with formic acid (3 ml. of 98%) for 4 hr. on the steam-bath. It was characterised by con- 
version into the dioxime, m. p. 238—239° (Found: C, 60:8; H, 5-6. C,H,,O,N, requires C, 
60-6; H, 5-7%). 

l-p-Bromophenylpropane-1 : 2-dione, prepared from «-acetamido-$-hydroxy-p-bromopropio- 
phenone (Buu-Hoi, Nguyen-Hoan, Jacquignon, and Khoi, Compt. rend., 1950, 280, 662), crys- 
tallised from light petroleum (b. p. 40—60°) as lemon-yellow prismatic needles, m. p. 48—-50° 
(Found: C, 47-1; H, 2-8; Br, 35-7. C,H,O,Br requires C, 47-6; H, 3-1; Br, 35-2%). The 
monophenylhydrazone formed silky yellow needles, m. p. 200° (Found: C, 56-7; H, 4:2; N, 8-9. 
C,,;H,,ON,Br requires C, 56-8; H, 4:1; N, 8-8%), after crystallisation from ethyl acetate-light 
petroleum (b. p. 60—80°). 

a-A cetamido-p-nitroacrylophenone (VI1).—(a) «-Acetamido-8-hydroxy-p-nitropropiophenone 
(50 g.) was heated with pyridine (250 ml.) for 1 hr. on the steam-bath, the solvent was then 
removed under reduced pressure, and the residue extracted with benzene (300 ml.). The result- 
ing extract was percolated through a column of activated alumina (20 sq. cm. x 20 cm.) and 
evaporated to small bulk under reduced pressure. Addition of light petroleum (b. p. 60—80°) 
led to the separation of «-acetamido-p-nitroacrylophenone (20 g.) in silver plates, m. p. 124—125° 
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(Found : C, 56-7; H, 4:1; N, 12:1. C,,H,O,N, requires C, 56-4; H, 4:3; N, 12-0%). The 
phenylhydrazone formed felted red plates, m. p. 269—270° (Found: C, 63-2; H, 5-1; N, 17-6. 
C,;H,,03N, requires C, 63-0; H, 4:9; N, 17-3%), after crystallisation from 2-ethoxyethanol. 
The p-tolylhydrazone, after crystallisation from a large volume of ethanol, formed orange-red 
needles, m. p. 280° (Found: C, 64:3; H, 5-5; N, 16-8. C,sH,,O3N, requires C, 63-9; H, 5-4; 
N, 16-6%). The azine separated from methanol in orange needles, m. p. 193—194° (Found : 
C, 54-4; H, 4:5; N, 17-6. C,..HO,N,,H.O requires C, 54:8; H, 4:6; N, 17-4%). 

(b) w-Acetamido-p-nitroacetophenone (22-2 g.) in warm acetic acid (50 ml.) was treated 
successively with 36% formaldehyde solution (8-3 ml.) and aqueous dimethylamine (13-6 ml. of 
33%) with cooling at ca. 30° and the whole set aside overnight at room temperature. The 
separated crystals (19 g.) were collected and purified, to give (VI), m. p. 123° (Found: C, 56-1; 
H, 4-5; N, 12-:0%), alone or on admixture with a sample prepared by (a) above. 

(c) «-Acetamido-B-acetoxy-p-nilropropiophenone, rosettes of needles, m. p. 130—131° (Found : 
C, 53:2; H, 4:7; N, 96. C,,H,O,N, requires C, 53-1; H, 4-8; N, 95%), was prepared in 
84% yield by treating (I) (5 g.) and acetic anhydride (20 ml.) with 2 drops of concentrated 
sulphuric acid, pouring the mixture into water after 30 min., and crystallising the separated 
solids from benzene. It was also obtained, in 81% yield, by heating (I) (12 g.) with acetyl 
chloride (160 ml.) for 30 min., concentrating the mixture, and crystallising the residue from 
benzene-light petroleum (b. p. 60—80°). It was converted into a mixture of*(VI) and (VII) 
(see below) by heating it (i) with pyridine, (ii) with sodium acetate in ethanol, or (iii) with ethanol 
alone. 

4 : 5-Dihydro-2-methyl-4-p-nitrobenzylideneoxazole (V), prepared by reducing (VI; 50 g.) in 
isopropanol (430 g.) with aluminium isopropoxide (52 g.), formed yellow arrowheads, m. p. 170° 
(Found: C, 60-5; H, 4:1; N, 13-0. C,,H,O3N, requires C, 60-5; H, 4:6; N, 12-9%), after 
crystallisation from benzene. The picrate separated from ethanol in yellow prisms, m. p. 150° 
(Found : C, 45-3; H, 2-5; N, 15-6. C,,H,,»0O3;N,,C,H,O,N, requires C, 45-6; H, 2-9; N, 15-7%). 

a-A cetamido-8-bromo-p-nitroacrylophenone (X).—The ketone (VI; 2-3 g.) in acetic acid (25 ml.) 
was treated with bromine (1-6 g.) at room temperature. Exothermic addition occurred, fol- 
lowed by evolution of hydrogen bromide. Water (80 ml.) was added after 10 min. and the 
precipitated solids were collected, dried (1-9 g.) and crystallised from aqueous ethanol. a- 
Acetamido-$-bromo-p-nitroacrylophenone formed cream-coloured plates, m. p. 162° (decomp.) 
(Found: C, 42-6; H, 2-9; N, 8-5; Br, 26-0. C,,H,O,N,Br requires C, 42-2; H, 2-9; N, 8-9; 
Br, 25-6%). 

2-Bromomethyl-3-p-nitrophenylquinoxaline (IX).—(a) 1-p-Nitrophenylpropane-l1 : 2-dione (9 
g.) in warm acetic acid (35 ml.) was treated with bromine (8 g.) in acetic acid (8 ml.). Next 
morning the mixture was diluted with water, and the precipitated oil washed by decantation. 
Treatment with o-phenylenediamine (6 g.) in ethanol for a few minutes under reflux, followed by 
crystallisation from 2-ethoxyethanol, gave the guinovaline (IX), cream-coloured needles, m. p. 
200—201° (Found: C, 52-3; H, 2-9; N, 12-3; Br, 23-3. C,;H,),O,N,Br requires C, 52:3; 
H, 2-9; N, 12-2; Br, 23-3%). 

(b) The foregoing bromo-compound (X) (200 mg.) was heated with concentrated hydro- 
chloric acid (2 ml.) at 100° for 15 min., after which the product was extracted with chloroform 
and treated with ethanolic o-phenylenediamine (300 mg.), to give (IX) (100 mg.), m. p. 198°, 
alone or on admixture with a specimen prepared as in (a) above. 

4-A cetoxymethyl-2-methyl-5-p-nitrophenyloxazole (IV; R’ = *CH,°OAc).—The ketone (VI) 
(1 g.) in acetic anhydride (10 ml.) and concentrated sulphuric acid (0-1 ml.) was set aside over- 
night, then the mixture was decomposed with water and the precipitated solids were collected 
and crystallised, initially from ethanol and subsequently from chloroform-—light petroleum 
(b. p. 60—80°). 4-Acetoxymethyl-2-methyl-5-p-nitrophenyloxazole (+40%) formed flat yellow 
plates, m. p. 139—140° (Found: C, 56-7; H, 4-4; N, 9-9. C,,;H,,O;N, requires C, 56-5; H, 
4-3; N, 10-1%). 

4-Hydroxymethyl-2-methyl-5-p-nitrophenyloxazole (IV; R’ =-+CH,°OH), fibrous yellow 
needles, m. p. 196° (decomp.) (Found: C, 57-0; H, 4:3; N, 12-0. C,,H,O,N, requires C, 
56-4; H, 4:3; N, 12-0%), after crystallisation from methanol, separated after a few minutes 
when the foregoing compound was dissolved by warming in methanol containing a trace of 
sodium methoxide. The same compound was also obtained (ca. 60%) by treating (I) (5 g. 
with concentrated sulphuric acid (15 ml.) for 3 hr. at room temperature with stirring, followed 
by heating for a few minutes on the steam-bath and precipitation in water. The phenylurethane 
crystallised from ethanol in needles, m. p. 131° (Found: C, 61-4; H, 4-7; N, 12-4. C,,H,,0,N, 
requires C, 61-2; H, 4-4; N, 11-9%). 
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4-Chloromethyl-2-methyl-5-p-nitrophenyloxazole (IV; R’ = *CH,Cl).—The hydroxymethyl 
ketone (I) (20 g.) was added portionwise to thionyl chloride (100 ml.). After 2 hr. at room 
temperature the mixture was taken to dryness under reduced pressure and the residue re- 
evaporated with ethylacetate. Extraction with warm light petroleum (b. p. 60—-80°) containing 
a little chloroform furnished 4-chloromethyl-2-methyl-5-p-mitrophenyloxazole, yellow needles, 
m. p. 121—122° (Found: C, 52-2; H, 3-7; N, 11-1; Cl, 14:0. C,,H,O3,N,Cl requires C, 51-5; 
H, 3-5; N, 10-9; Cl, 13-8%), after crystallisation from a large volume of light petroleum. The 
same compound was also obtained from (IV; R’ == CH,*OH) by similar treatment. Hydrolysis 
with aqueous ethanol containing sodium acetate furnished the parent alcohol, m. p. 196°, alone 
or on admixture with an authentic specimen. 

2-Methyl-5-p-nitrophenyl-4-propionoxymethyloxazole (IV; R’ = *CH,*O°COEt), prepared by 
treating (VI) (1-9 g.) with propionic anhydride (20 ml.) containing 3 drops of concentrated 
sulphuric acid, separated from light petroleum (b. p. 60—80°) in yellow needles (850 mg.), m. p. 
120—121° (Found: C, 57-8; H, 4-8; N, 10-2. C,,H,,O;N, requires C, 57-9; H, 4-8; N, 9-7%). 
Hydrolysis gave the alcohol, m. p. 196°. 

5-p-A cetamidophenyl-4-acetoxymethyl-2-methyloxazole, obtained by catalytic reduction of 
(IV; R’ = -CH,*OAc) in ethanolic solution employing a palladium—charcoal catalyst, followed 
by acetylation, formed prisms, m. p. 147° (Found: C, 63-0; H, 5-5; N, 9-6. C,;H,,0,Ne 
requires, C, 62-5; H, 5-6; N, 9-8%), after crystallisation from ethyl acetate—light petroleum. 

4-Diacetoxymethyl-2-methyl-5-p-nitrophenyloxazole [IV; R’ = *CH(OAc),], prepared by 
treating (X) (1 g.) in acetic anhydride (10 ml.) with concentrated sulphuric acid (3 drops) and 
pouring into water after 24 hr., formed cream prisms (450 mg.), m. p. 132° (Found: C, 53-9; 
H, 4:2; N, 84. (C,,;H,,0O,N, requires C, 53-9; H, 4-2; N, 8-4%), after crystallisation from 
chloroform-light petroleum (b. p. 60—80°). 

On hydrolysis by warming with dilute hydrochloric acid for a few minutes, followed by reac- 
tion with excess of semicarbazide buffered with sodium acetate, the semicarbazone of the free 
aldehyde was obtained, as flat yellow needles, m. p. 239—240° (Found: C, 49-8; H, 3-8; N, 
24:2. C,,H,,0O,N; requires C, 49-8; H, 3-8; N, 24-2%), after crystallisation from ethanol. 

Ponndorf reduction of the foregoing diacetate furnished 4-hydroxymethyl-2-methyl-5-p- 
nitrophenyloxazole (78%), m. p. 196°, alone or on admixture with an authentic specimen. 

a-A cetamido-88-dibromo-p-nitroacrylophenone (XI).—(a) A solution of (VI) (2-3 g.) in acetic 
acid (15 ml.) was treated with bromine (3-0 g.) in acetic acid (5 ml.). Bromine was absorbed, 
hydrogen bromide was evolved, and solids separated. After 5 min. the orange-red mixture was 
heated under reflux until straw-yellow in colour; then it was diluted with water until crystallis- 
ation commenced and cooled to 0°. Purification of the product from aqueous ethanol furnished 
the dibromo-ketone, yellow prisms (2-8 g.), m. p. 169° (Found: C, 34:0; H, 2-3; N, 6-8; Br, 
40-9. C,,H,0O,N,Br, requires C, 33-6; H, 2-0; N, 7-1; Br, 40-8%%). 

(b) An identical product was obtained by analogous treatment of (X). 

2-Methyl-5-p-nitrophenyloxazole-4-carboxylic acid (IV; R’ = CO,H), prepared by treating 
the foregoing compound with acetic anhydride-sulphuric acid, formed yellow needles, m. p. 
192—194° (decomp.) (Found: C, 52-9; H, 3-1. C,,H,O;N, requires C, 53-2; N, 3:2%), after 
crystallisation from methanol. The ethyl ester crystallised from ethanol as yellow needles, 
m. p. 116° (Found: C, 56-4; H, 4-3; N, 10-1. C,,;H,,0;N, requires C, 56-3; H, 4:3; N, 10-1%). 

Decarboxylation of the acid above its m. p. for 10 min. gave 2-methyl-5-p-nitrophenvloxazole 
(IV; R’ = H), irregular cream-coloured plates, m. p. 162—163°, alone or on admixture with an 
authentic specimen. This compound was prepared (65%) by heating «-amino-p-nitroaceto- 
phenone hydrochloride (10 g.) with acetic anhydride (60 ml.) under reflux for 4 hr., followed by 
evaporation of the solution to dryness, or in 95% yield by the action of concentrated sulphuric 
acid (10 ml.) on w-acetamido-p-nitroacetophenone (3 g.) at room temperature overnight (m. p. 
164° from benzene) (Found: C, 56-9; H, 4-2; N, 18-7. C,)9H,O,N, requires C, 57-5; H, 3-9; 
N, 13-7%). Its picrate, after crystallisation from ethanol, formed yellow needles, m. p. 180° 
(Found : C, 44-6; H, 3-0; N, 16-2. C,9H,0,N,,C,H,0,N;, requires C, 44-3; H, 2-5; N, 16-2%). 

Dihydro-2-methyl-4-p-nitrobenzovloxazole (VII) was obtained as a bright yellow solid, m. p. 
187—192° (Found : C, 55-8; H, 4-8; N, 11-9. C,,H,)O,N, requires C, 56-4; H, 4:3; N, 12-0%), 
after crystallisation from ethanol-light petroleum (b. p. 60—80°), by heating (i) (VI) with 
ethanol under reflux for 11 hr., (ii) (I) in acetic or propionic acid on the steam-bath for 5 hr., (iii) 
(I) under reflux with ethanol or isopropanol for 18 hr. 

Acetylation with acetic anhydride for 2 hr. under reflux gave a substance in prismatic needles, 
m. p. 209° (Found: C, 55-1, 55-6, 55-5; H, 4:9, 4:8, 4-7; N, 10-2, 10-4, 10-3%), after 
crystallisation from ethyl acetate. Propionylation, followed by purification from ethyl acetate- 
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light petroleum (b. p. 60—80°), gave a substance, m. p. 160—162° (Found: C, 56-2, 56-4; H, 
5-4, 4-8; N, 10-4, 10-7%). 

The same acy] derivatives were obtained directly from (I) by refluxing with the appropriate 
anhydride. 

Dissolution of (VII) in concentrated sulphuric or hydrochloric acid, followed by dilution of 
the mixture with water after 3 or 16 hr. respectively, led to formation of an tsomer, small buff 
crystals, m. p. 233° (decomp.) (Found: C, 56-1; H, 4:3; N, 11-8%), after crystallisation from 
a large volume of ethanol. 

5-Methylene-4-p-nitrophenyl-2-oxo0-A3-pyrroline (VIII) was prepared in very low yields by 
heating the foregoing compound, m. p. 233°, (1), or (X) with acetic, concentrated hydrochloric, 
formic, or propionic acid. It separated from acetic acid in small, pale yellow needles, m. p. 
262° (Found: C, 61-3, 61:3; H, 3:2, 3-4; N, 13-0. C,,H,O,N, requires C, 61-1; H, 3-7; 
N, 13-0%). 

a-Dichloroacetamido-p-nitroacrylophenone, prepared from w-dichloroacetamido-p-nitroaceto- 
phenone by reaction with formaldehyde in the presence of dimethylamine, separated from 
methanol in very pale yellow plates, m. p. 117° (Found: C, 43-3; H, 2-6; N, 9-6; Cl, 23-8. 
C,,H,O,N,Cl, requires C, 43-6; H, 2-7; N, 9-2; Cl, 23-49%), Amax, 257 my (E}%S, = 600). During 
40 hours’ refluxing in ethanol-benzene it was converted into an isomer which separated as pale 
yellow crystals, m. p. 194——195° (Found: C, 44-1; H, 2-6; N, 9-3%). 

2-Ethoxycarbonylamino-p-nitroacrylophenone separated from aqueous methanol in cream 
prismatic needles, m. p. 116° (Found: C, 54-6; H, 4:7; N, 10-5. Cj .H,,0;N, requires C, 54:5; 
H, 4:6; N, 106%), Amax. = 259 my (E}%, = 540). 

p-Nitro-«-propionamidoacrylophenone was prepared by heating §-hydroxy-p-nitro-a-pro- 
pionamidopropiophenone (5 g.) with pyridine (30 ml.) at 100° for 30 min., followed by chromato- 
graphy of the product in benzene solution on alumina (9sq.cm. xX 10cm.). The eluate yielded 
the acrylophenone as flat needles, m. p. 75—76° (Found: C, 58-3; H, 4:7; N, 11-2. C,,H,,0,N, 
requires C, 58-0; H, 4:8; N, 11-3%), after crystallisation from ether-—light petroleum (b. p. 
40—60°). The fraction adsorbed on the alumina, after elution with ethyl acetate—benzene, 
yielded yellow needles, m. p. 170—172° (after sintering at 160°) (Found: C, 58-3; H, 4:7; N, 
11-2. C,,H,,O,N, requires C, 58-0; H, 4:8; N, 11-3%), after crystallisation from benzene— 
ethyl acetate. The constitution of dihydro-2-ethyl-4-p-nitrobenzoyloxazole (cf. VII) is assigned 
to this compound on the basis of its ultra-violet absorption spectrum (cf. Table). 

2-Acetamido-1-p-nitvophenyluvinyl acetate (XV; R’ = R” = Ac), yellow needles (4-6 g.), 
m. p. 210—211° (Found: N, 10-5. C,,H,,0,;N, requires N, 10-6%), after crystallisation from 
alcohol, separated when w-acetamido-p-nitroacetophenone (5-55 g.) and benzaldehyde (2-26 ml.) 
in acetic anhydride (20 ml.) were heated under reflux for 2 hr. and the mixture was decomposed 
by addition of an equal volume of alcohol. The same compound was obtained in identical 
yield when benzaldehyde was omitted from the reaction mixture. Reaction [1 g. in alcohol 
(50 ml.) and acetic acid (3 ml.)] with phenylhydrazine (1-5 ml.) for 15 min. on the steam-bath 
gave w-acetamido-p-nitroacetophenone phenylhydrazone, bright red needles, m. p. 206—208° 
(Found: C, 61:9; H, 4:9; N, 18-1. C,,H,,0,N, requires C, 61-5; H, 5-2; N, 17-9%), after 
crystallisation from methanol. 

1-p-Nitrophenyl-2-propionamidovinyl propionate (XV; R’ = R” = Et-CO) obtained by 
heating w-acetamido-p-nitroacetophenone (5-55 g.) with propionic anhydride (20 ml.) for 75 
min. under reflux, separated from alcohol in pale yellow felted needles (4-5 g.), m. p. 195—-197° 
(Found: C, 57:3; H, 6:0; N, 9-6. C,4H,,O;N, requires C, 57-5; H, 5-5; N, 96%). The 
same compound was obtained when p-nitro-w-propionamidoacetophenone (2 g.) was refluxed 
with propionic anhydride (10 ml.) for 10 min. 

2-Benzamido-1-p-nitrophenylvinyl acetate (XV; R’ = Ac, R” = Bz), formed by acetylation 
of w-benzamido-p-nitroacetophenone, formed bright yellow needles, m. p. 219° (Found: C, 
62:0; H, 4:2; N, 8-5. C,,H,4O;N, requires C, 62-6; H, 4:3; N, 8-6%), from alcohol. 

1-p-Nitrophenyl-2-propionamidovinyl acetate (XV; R’ = Ac, R” = Et°CO), obtained by 
acetylation of w-propionamido-p-nitroacetophenone, separated from ethanol in bright yellow 
needles, m. p. 184—186° (Found: C, 56-2; H, 4-9; N, 9-8. C,,;H,,O;N, requires C, 56-1; 
H, 5-1; N, 10-1%). 

a-Acetamidostyryl p-nitrophenyl ketone (XVI; R’ = Ph), bright yellow prisms, m. p. 
178—180° (Found: C, 65-9; H, 4:5; N, 9-2. C,,-H,,O,N, requires C, 65-8; H, 4-6; N, 9-0%), 
after crystallisation from methanol, separated (56°) when a solution of w-acetamido-p-nitro- 
acetophenone (22-2 g.), benzaldehyde (10-6 g.), and dimethylamine (1-5 ml. of 33% aqueous 
solution) in alcohol (150 ml.) was heated at 65—70° for 3} hr. and then left overnight. 
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The product was recovered unchanged after 2 hours’ refluxing (2-7 g.) with pyridine (25 ml.). 
2-Acetamido-2 : 3-epoxy-1-p-nitrophenyl-3-phenylpropan-1l-one (1 g.), 
needles, m. p. 153—154° (Found: C, 62-6; H, 4:2; N, 9-0. C,,H,,O;N. requires C, 62-6; 
H, 4:2; N, 86%), Amax, 260 mu (E}%, = 620), after crystallisation from aqueous methanol, 
separated when a mixture of the foregoing compound (2-0 g.) in acetic acid (40 ml.) and hydrogen 
peroxide (10 ml. of 100-vol.) was kept at room temperature and then poured into water. 
1-p-Nitrophenyl-3-phenylpropane-1 : 2-dione, obtained by heating (XVI; R’ = Ph) (3 g.) in 
ethanol (50 ml.) and concentrated hydrochloric acid (20 ml.) for 3 hr. on the water-bath, followed 
by cooling, formed bright yellow needles (1-9 g.)- m. p. 129—131° (Found: C, 66-9; H, 4-0; 
N, 5:1. C,;H,,O,N requires C, 66-9; H, 4:1; N, 5-2%), Amax, 268 (E}%,, = 590) and 342 mu 


(E\% = 505), from methanol. The dioxime, after crystallisation from aqueous methanol, 
Compound Amax. (Mp) E Amax. (Mp) E 
w-Acetamido-p-nitroacetophenone ............s20seeeee 262 610 — _— 
P-MilTODORSAIGON YAS... xac sen esscsecececssccsascceeassoeses 262 940 — — 
LER woes abcdav six dda ssehabapetdeesRuxe cegagducascaehkcasdudepease 263 560 - - 
(II) Re 270 700 -— 
PAE wds:oka die copia npaygeieks deus os bab eesayesascuehsedoters sends 262 545 
DESY. Sek: ved aban ok giilius been rtanneadeatnsasS.<axiven a aieeeouas 260 410 Shoulder 290+ (150) 
RUNGE OF CVE) (UR OS ED. xseccscessesccesescnccdeass 265 625 —- — 
RECENTER MNOM RID TV ER) vesspsarcinscssccecses dts tececnces 258 466 Shoulder (160) 
Propionyl derivative of (VII) ................scececeecee 260 388 Shoulder 290+ (180) 
COPIES x cdiave sab Ged capcoa nin swtae Abe ceWsenebocavney sss 4cecadius 275 610 Shoulder 300 (540) 
SPEED seks pidgtarintncliin eae Cars onennd hd 5a ee ssh aakceasachixs 264 503 = — 
(X XI) after treatment with Ac,O—-H,SQ, ............ 257 445 Shoulder 290+ (230) 
a-Dichloroacetamido-p-nitroacrylophenone ......... 257 600 — — 
a-Ethoxycarbonylamino-p-nitroacrylophenone 259 540 - wee 
Se PETUPOMOOEOMORONS oes cpcccccsessosessbancvacseennesesk 231 638 327 915 
REGU MED Nacdlc ces can vaisod cececa tas-vesncharbees say see 232 525 326 872 
SU FMR, SO MEMOIRS) | cde shccec cen pacayoceatevesseapinc'ees 229 435 327 695 
ERs ee OF REO) easiacdccs sodsasenesebnewesaceusttons 226 435 322 605 
ORV See PP GREMUAD. U nciedencvcnseacwlohs oontedpesieusnes aes 226 430 324 650 
FED nse di cebu bike Rin snipe emadl eave kediue os siaerwesessoaea nic 234 515 333 785 
CMe Ge A RE ENED, cccancscdvensapoieckasse shy cacasy see 243 525 348 630 
AEE BR ERD bibiicare pry Sosa nacisadv Revives vqcnanesaget 271 727 -— — 
SOND OL ADT AS BE ERED nak pints ncn csacisccninsssas 260 620 os -- 
Acetyl derivative of (XVI; R’ = Ph) ................ 264 570 301 470 
CRVES RR a COT OMCD nw ..ccevsecsccssccssesecneses STB 520 343 390 
eg Be EA ERIM) oa cian nbdasbsenaes vadesenvn 267 695 325 340 
EUR E sin tot epadindictnsueaas mcaes cabgsdsbsiesceteonkixanaess 268 495 330 470 
GEE 1 ee, PEED © wershaahs ths onseiineenssaseankurSennzeecen 333 523 — _ 
SRR Cee ELS hk nea c nie yannansiceasesaeieesncsteke vse 324 455 - — 
1-p-Nitrophenyl-3-phenylpropane-1 : 2-dione ...... 268 590 342 505 


formed silver plates, m. p. 184—185° (Found: C, 59-7; H, 4-4; N, 14:0. C,;H,,;0,N, requires 
C, 60-2; H, 4:4; N, 140%). The quinowxaline derivative formed colourless silky needles, m. p: 
167° (Found: C, 73-6; H, 4:6; N, 12:0. C,,H,,O,N, requires C, 73-9; H, 4:4; N, 12-3%), 
from ethanol. 

Reaction with acetic anhydride under reflux for 3 hr. furnished 3-acetyldihydro-2-methyl-4-p- 
nitrobenzoyl-5-phenyloxazole, needles, m. p. 172—173° (Found: C, 64:9; H, 4-7; N, 8-2. 
CygH,,O;N, requires C, 64-8; H, 4-6; N, 80%), Amax. 264 (E1%,. = 570) and 301 my (E!%, = 
470), after crystallisation from dilute ethanol. 

4-x-A cetoxyvbenzyl-2-methyl-5-p-nitrophenyloxazole (XVII; R’ = Ac), buff crystals, m. p. 
121—-122° (Found: C, 65-1; H, 4-6; N, 8-1. C,,H,,O;N, requires C, 64:8; H, 4-6; N, 8-0%), 
after purification from ethanol, separated when a solution of (XVI; R’ = Ph) (2-0 g.) in acetic 
anhydride containing 2 drops of concentrated sulphuric acid was left for 2 days at room temper- 
ature and then decomposed with ice-water. Hydrolysis with 5% sodium carbonate solution 
for 15 min. under reflux furnished the free alcohol, buff needles, m. p. 149—150° (Found: C, 
65-6; H, 4:5; N, 9-0. C,,H,,O,N, requires C, 65-8; H, 4:6; N, 9-0%), after crystallisation 
from methanol. 

2-Methyl-4-p-nitrobenzoyl-5-phenyloxazole (XIX).—The ketone (XVI; R’ = Ph) (6-2 g.), 
dissolved in warm acetic acid (40 ml.), was treated with bromine (3-2 g.) in a little acetic acid. 
Immediate absorption of bromine occurred, followed by evolution of hydrogen bromide. After 
being kept at room temperature overnight the solution was poured into ice-water and the pre- 


pale yellow rosettes of 


| 
| 
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cipitated solids were collected and purified from alcohol. 2-Methyl-4-p-nitrobenzoyl-5-phenyl- 
oxazole (6-0 g.) formed flat bright lemon-yellow needles, m. p. 128—130° (Found: C, 66-3; 
H, 3-8; N, 8-8. C,,;H,,0,N, requires C, 66-2; H, 3-9; N, 91%). The same product was 
obtained when the reaction was repeated with 2 mols. of bromine. Peroxide oxidation of this 
product furnished benzoic and p-nitrobenzoic acids. 

5-Benzoyl-2-methyl-4-p-nitrophenyloxazole (XX), prepared by heating the foregoing compound 
(300 mg.) with concentrated hydrochloric acid (3 ml.) on the steam-bath for 1 hr., separated 
from aqueous methanol in pale yellow prisms, m. p. 90° (Found: C, 66-5; H, 4-0; N, 8-9. 
C,,H,,0,N, requires C, 66-2; H, 3-9; N, 9-1%). 

a-A cetamido-3-p-methoxystyryl p-Nitrophenyl Ketone (XV1; R’ = p-MeO°C,H,).—A solution 
of w-acetamido-p-nitroacetophenone (22-2 g.), p-anisaldehyde (13-6 g.), dimethylamine (2 ml. of 
33% aqueous solution), and alcohol (200 ml.) was heated under reflux for 5 hr. Next morning 
unchanged w-acetamido-p-nitroacetophenone (9 g.) was removed and the filtrate heated in an 
open flask for 6 hr. on the water-bath. Addition of a little light petroleum (b. p. 60—80°) led 
to slow separation of «-acetamido-3-p-methoxystyryl p-nitrophenyl ketone (10 g.), orange-yellow 
prisms, m. p. 148—150° (Found: C, 63-9; H, 5-0; N, 8-1. C,,H,,O;N, requires C, 63-5; H, 
4-7; N, 8-2%), after crystallisation from spirit. 

Hydrolysis with ethanolic hydrochloric acid furnished 3-p-methoxyphenyl-1-p-nitrophenyl- 
propane-| : 2-dione, orange needles, m. p. 165—168° (Found : C, 63-9; H, 4-4; N, 4-8. C,.H,,0;N 
requires C, 64:2; H, 4:4; N, 4:7%), after crystallisation from alcohol, which was characterised 
by conversion into the quinoxaline derivative, needles, m. p. 148-—149° (Found; C, 70-1 ; H, 
4-3; N, 12-2. C,,H,,0,N, requires C, 70-6; H, 4-2; N, 11-8%), from spirit. 

5-p-Methoxyphenyl-2-methyl-4-p-nitrobenzoyloxazole, prepared as was the phenyl analogue 
(XIX), after crystallisation from alcohol, formed yellow needles, m. p. 166—168° (Found : 
C, 64-2; H, 4-4; N, 8-1. C,,H,,0,N, requires C, 63-9; H, 4:2; N, 8:3%). 

a-A cetamido-p-nitrostyryl p-nitrophenyl ketone, obtained by condensation of w-acetamido-p- 
nitroacetophenone and p-nitrobenzaldehyde in alcohol with dimethylamine as catalyst, formed 
small yellow needles, m. p. 232° (Found: C, 57-8; H, 3-9; N, 11-7. C,,H,,;0,N; requires C, 
57-5; H, 3-7; N, 11-8%), from acetic acid. 

a-Acetamido-o-hydroxystyryl p-nitrophenyl ketone formed bright yellow crystals, m. p. 
166—171° (decomp.) (Found: C, 63-1; H, 4:3; N, 8:3. C,,H,O;N, requires C, 62-6; H, 4:3; 
N, 8:5%), after repeated crystallisation from ethanol. 

2 : 6-Diacetamido-1 : 7-di-p-nitrophenyl-4-oxaheptane-1 : 7-dione (X XI).—«-Acetamido-1- 
hydroxy-p-nitropropiophenone (10 g.), suspended in boiling alcohol (60 ml.), was treated with 
anhydrous sodium carbonate (1 g.), and the reddish-brown mixture heated under reflux for 1 hr. 
After cooling, the separated solids (7-6 g.) were collected and purified from aqueous pyridine. 
The product formed crystals, m. p. 235° (decomp.) (Found: C, 54:2; H, 4:7; N, 11-8. 
C.,H,,O,N, requires C, 54:3; H, 4-6; N, 11-5%), Amax, 264 my (E}%, = 503) [Found: Active 
hydrogen (Zerewitinoff), 0-78. Required for 4H, 0-83%]. The same product was obtained 
when other basic catalysts, e.g., pyridine, sodium hydrogen carbonate, sodium acetate, and 
magnesium oxide, were used in place of sodium carbonate. The bisphenylhydrazone formed 
unstable orange crystals, m. p. 160—170° (Found: C, 61-1; H, 5-0; N, 16-7. C,gH,,0,N, 
requires C, 61-2; H, 5-1; N, 16-8%). Propionic anhydride gave a product, needles (from 
alcohol), m. p. 170—171° (Found: C, 57-1; 57-2; H, 4:8, 4:5; N, 9-6, 9-9. C,,H3pO,9N, 
requires C, 56-8; H, 5-3; N, 98%). Acetic anhydride containing a few drops of concentrated 
sulphuric acid gave a dehydration product, plates (from acetic acid), m. p. 273° (Found: C, 
56-3; H, 4:1; N, 11-9. C,.HgO,N, requires C, 56-4; H, 4-3; N, 12-0%). 

Ultra-violet Absorption Spectra.—Some of the spectra determined are tabulated. 
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828. The Isomerism of the Oximes. Part XLV.* The Alkaline 
Hydrolysis of Acetophenone Oxime Acetates. 
By O. L. Brapy and J. MILLER. 


The hydrolysis of nuclear-substituted acetophenone oxime acetates by 
OH” in ethanol—water is kinetically bimolecular but fission of the transition 
state is facilitated by two different mechanisms. The point of fission is 
between the acetyl group and the hydroxyimino-oxygen atom. 

The effect of varying nuclear substituents is very small and the order of 
the rate constants, p-OMe > p-Me > H > p-Br > m-NO, > p-NO,, is the 
reverse of that usual in alkaline hydrolysis of esters. The reactions are 
complicated by an important reversible reactant—product interaction and an 
unimportant concurrent attack by OEt~. A general method of correcting 
for the former has been evolved which could be applied to other similar 
reactions such as the alkaline hydrolysis of phenol esters. 


A stupy has been made of the hydrolysis of nuclear-substituted acetophenone oxime 
acetates by OH™ in ethanol—-water mixtures. The possibility of a neutral hydrolysis was 
first eliminated by showing that no hydrolysis occurred in solvent alone. If the hydrolysis 
is analogous to the usual ester hydrolysis (Day and Ingold, Trans. Faraday Soc., 1941, 37, 
686) the possible reaction mechanisms are : 


Bimolecular with acyl-oxygen fission a ee ae 
XC,HyCMe OH- X°CgHyCMe + AcOH [ AcOEt 
N-OAc_ (OEt-) N:O- 
Base | OH- 
Solvent | | | 
{ AcO- AcO- 
X°CgHyCMe + Solvent | +4- EtOH 
N-OH 7 : 
|- Base~ 
Bimolecular with nitrogen—oxygen fission ae ae ee 
X-CyH CMe OH-  X-CgHyCMe + AcO 


N-OAc oEt) (Et)HO-N 


{- 


X°C,HyCMe + Solvent 


—O'N 
Unimolecular with acyl-oxygen fission ah ee ae 

X-CsHyCMe === X-C,HyCMe + Ac* 
N-OAc N:O- be 
+ Base~ 

Solvent 
| OAc 
X°C,H,°CMe (AcOEt) 
N-OH +. Base 


Unimolecular with nitrogen—oxygen fission 
5 as u 


X'CgHyCMe a X°CeHyCMe + OAc™ 
N‘OAc N?* 
[sven 
X°C,H,CMe ot X°C,H,°CMe 
(Et)HO-N | N:OH(Et) 
Base 
! 


Oximates~ + Solvent 


* Part XLIV, /., 1953, 3612. 
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In mechanisms B’2 and B’1 the products are the original oxime and acetoxyl ion from 
the main attack by OH~-, and the original oxime and ethyl acetate (subsequently 
hydrolysed) from the subsidiary attack by OEt~. In mechanism B’’2 the isomeric oxime 
and OAc” are formed by OH~ attack, and the oxime O-ether and OAc~ by OEt~ attack; 
whilst in B’’1 a mixture of isomeric oximes and OAc~ are produced by OH™ attack, anda 
mixture of isomeric oxime O-ethers and OAc~ by OEt~ attack. In the acetophenone 
series, however, geometrical isomerides are not known, so the failure to obtain an isomeric 
oxime or O-ether is not significant. 

Of the possible mechanisms, those involving nitrogen-oxygen fission are eliminated 
because oxime O-ethers are not formed and even with OMe~ in pure methanol the original 
oxime was the sole product; further, large substituent effects would be expected for 
such fission whereas, in fact, they are very small. 

The unimolecular mechanism is eliminated by: (1) the absence of reaction in solvent 
alone; (2) the absence of a mass-law effect—OAc~ has no effect at all, and oximate ions 
cause acceleration instead of deceleration; (3) after allowance is made for reversible 
reactant—product interaction, the second-order rate equation is obeyed; and (4) the 
activation energies and frequency factors have values typical of bimolecular reactions 
involving attack by an anion on a neutral molecule, but not of unimolecular reactions. 

The mechanism, therefore, is bimolecular, with acyl-oxygen fission (B’2). 


Calculation of Results ——When the reaction is followed by means of the reduction in the 
alkaline titre the concurrent attack by OEt~ shows only in the different behaviour of acetic acid 
and ethyl acetate with OH~. The stages of the reaction are : 


(1) Preliminary equilibrium, 
OH- + EtOH === H,O + OEt~; 6, + 6, = b (base added) 


(b,) (53) 
(2) Ar-CMe:N-OAc 7} Ar'CMe:N'O AcOH ~ AcOEt 7 
(a — *) | 3 (*1) (*2) 
| 
—- [se | - jou | 
Base- AreCMe!N-OH (4 AcO- | AcO- | 
a %, + at,) v J |. Base~ (y) (x) (x¥,) 


Solvent | + EtOH | 


The factor « is introduced since the hydrolysis of the small amounts of EtOAc by OH” is a 
slow reaction. Note that +, + *, = ¥. Alkali is consumed by hydrolysis of oxime acetate (7%), 
neutralisation of acetic acid (v,), and hydrolysis of ethyl acetate (x¥,). This totals ¥ + x7, + «4%, 
and as OEt~ tends to zero this tends to 2x. Alkali is formed by hydrolysis of oximate ion (y). 

The rate constant (,) is obtained from the equation 


dx/dt = k,(a — x)[b — (w + *, + ar) + 4] ote Ti aly 


Titration of alkali (phenolphthalein) gives b — (¥, + «*,) since oximate ions are indistinguish- 
able from OH~ ; and as OEt™ tends to zero, so does this expression tend to b — x. 
The values of y may be obtained by using the hydrolysis constants (K) of the oximes, thus : 


K Base]{Oxime}/[Oximate ion] = y[b — (# + 4, + a%,) + y]/(* — ¥) 
Let (x + %, + ax.) = F; then Av — Ky = yb — yF + 43, 
$.6., v2—(F —b— K)jvy — kx = 0 
Then 2y = (F —b — K) + [(F — b — K)? + 4Kz]}# 
For the limiting case where OFt 0, K = v(b — 2x + y)/(x — v), and thus 2y 


(2x b — K) + [(2x —b — K)? + 4Kx}t. 

Previous estimates (Hughes, Ingold, and Shapiro, J., 1936, 227) for OH™~ in aqueous ethanol 
containing much ethanol give [OEt) as small, and in view of the complexity of the corrections 
it is assumed in all this work that no OEt™ is present. 
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Equation (1) then simplifies to 
dx/dt = k,(a — x)(b — 2% +4- y) 
and substituting for y, we have 
dx/dt = k,(a — x)[b — 2v + 3{(2¥ — b — K) + [(2x — b — K)? + 4Kx}¥}] 
whence 
ky = (l/t)fdx/{(a — x)[(b — x — n) + (x* — bx 4 n?)h}} ome eee 
where b + K)/2. 
This integral was evaluated graphically and gives the rate constant corrected for oxime—base 
interaction. Without this correction we have the standard form 
k, = (1/(b — a) In [a(b — x) /b(a — x) ie epee ALe Aa: ee) 
For all runs calculations were carried out in accordance with equations (3) and (2). The 
value of k, according to equation (3) should diminish throughout the reaction, and the 
divergence should be larger for those compounds in which the oxime formed is more strongly 
acid; the value derived from equation (2) should give a true rate constant. The experimental 
results accord with this. 


Discussion.—The compounds investigated were X*C,H,;CMe:N-OAc where X = /- 
OMe, f-Me, H, #-Br, f-NO,, and m-NO,. In addition the hydrolysis of «-m-nitrobenzald- 
oxime acetate was studied. In all except two experiments the initial oxime acetate 
concentration was 0-050M and the base concentrations were between 0-065 and 0-130M. 
The solvent usually employed was 90% ethanol, 7.e., 10 vols. of water per 100 vols. of 
ethanol—water. 

3y standard conductimetric procedure the values of the hydrolysis constants in 90°% 
ethanol at 25-0° were found to be Ph-CMe:N-OH 0-0090, #-NO,°C,HyCMe:N-OH 0-0018, 
and p-Me’C,H,CMe:N-OH 0-0136. The value of the hydrolysis constant of acetophenone 
oxime in water can be obtained from Brady and Chokshi’s measurements (J., 1929, 947), and 
by assuming a linear relation between 0 and 90°% ethanol and extrapolating to 95° ethanol 
the hydrolysis constants at various concentrations of ethanol were calculated. The relation 
between dielectric constant and ethanol content of water-ethanol mixtures is linear. The 
ratio of the hydrolysis constants X = ~-NO,/H in the acetophenone oxime series in 
90°% ethanol is 5-0, and the ratio of the acid dissociation constants X = p-NO,/H in the 
benzaldoxime series is 5-1 in water. In view of this good agreement values for other 
acetophenone oximes were calculated by using ratios obtained from the acid dissociation 
constants of the benzaldoximes in water (Brady and Goldstein, J., 1926, 1919; Brady and 
Chokshi, loc. cit.). 

Experimentally determined rate constants (corrected) are given in Table 1. 

Since measurements at only two temperatures have been made, and in view of the very 
small substituent effects, it is not considered worth while to compare individual activation 
energies and frequency factors. The values of these for the whole series are E = 18,000— 
19,000 cals. and log B = 10-5—11-5, which are typical for bimolecular reactions involving 
attack by an anion on a neutral molecule. 

The method of correction leads to true rate constants but their numerical value depends 
upon the excess of base, conveniently expressed by the ratio, base/(oxime acetate). The 
magnitude of this dependence varies in a regular manner with the compound under 
investigation and also shows a saturation effect with a large excess of base (cf. Table 2). 

These results may be explained by regarding the transition state (I) as relatively stable 
and the fission as being facilitated by ions whose basicity is greater than that of OAc~. 

CoH ye CM The place where the catalytic action of this base (anion) occurs is at 
\ oO the OH group of the forming acetic acid; conseqeuntly the acetate 
\ ion is formed before complete fission has occurred instead of as a 
<r separate stage after fission, thus accelerating the process and prevent- 
©—H Ing re-formation of the reactants. This catalysis will explain why the 
addition of the strongly basic oximate ion increases the rate constant 

only just less than an equal amount of OH~ (Table 2), why the addition of quite large 
concentrations of acetate ion, or of the more weakly basic chloride ion, has no effect on 


(I) 
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Hydrolysis of X-CgHyCMe:N-OAc in aqueous ethanol by sodium hydroxide. 
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Initial concns. (m) Solvent Hydrolysis Corr. rate constant 
Oxime acetate Base (EtOH, %) const. of oxime Temp. 108%, (mole sec.~ 1. 
Acetate, X = H. 
0-050 0-065 95 0-0093 25-0° 2-20 
0-050 0-065 90 0-0090 25-0 3°85 
0-050 0-130 90 0-0090 25-0 5-80 
0-100 0-130 90 0-0090 25-0 3-80 
0-025 0-130 90 0-0090 25-0 6-90 
0-050 0-105 90 0-0090 25-0 4-75 
0-050 0-090 90 0-0090 25-0 4-50 
0-050 0-065 80 0-0083 25-0 7-65 
0-050 0-065 35 0-0053 25-0 44-4 
0-050 0-065 90 0-0090 34-92 10-8 
§ 0-050 0-065 ¢ 90 0-0090 25-0 4:30 
(0-025mM-oximate 
0-050 0-105 90 0-0090 25-0 5°75 
0-025mM-oximate 
5 9-050 0-130 90 0-0090 25-0 5-80 
(0-050M-NaOAc 
0-050 0-065 90 0-0090 25-0 3°85 
0-050m-LiCl 
Acetate, X = p-Me. 
0-050 0-130 90 0-0136 25-0 5-80 
0-050 0-065 90 0-0136 25-0 4-00 
0-050 0-065 90 0-0136 34-92 11-5 
0-050 0-065 35 0-0080 25-0 48-9 
Acetate, X = p-Br. 
0-050 0-130 90 0-0044 25-0 5-50 
0-050 0-065 90 0-0044 25-0 3-00 
0-050 0-065 90 0-0044 35-0 7:75 
Acetate, X = p-OMe. 
0-050 0-130 90 0-0158 25-0 6-00 
0-050 0-065 90 0-0158 25-0 4:30 
0-050 0-065 90 0-0158 34-92 11-0 
Acetate, X = p-NO,. 
9-05C 0-130 90 0-0018 25-0 4:65 
0-050 0-065 90 0-0018 25-0 1-80 
0-050 0-065 90 0-0018 34-92 4:95 
Acetate, X m-NOsg. 
0-050 0-130 90 0-0027 25-0 4°85 
0-050 0-065 90 0-0027 25-0 2-10 
0-050 0-065 90 0-0027 34-92 5-40 
0-050 0-065 35 0-0016 25-0 22:3 
m-NO,°C,HgCH:N-OAc. 
0-050 0-130 90 0-0004 25-0 4°80 
¢ Slight hydrolysis of added oximate ion leads to true initial concns. 0-050, 0-068, 0-022M. > True 
initial concns. 0-050, 0-170, 0-023M. 
TABLE 2. Alkaline hydrolysis of X*CgHy*CMe:N-OAc. 
Y = initial concn. ratio, base/(oxime acetate). 
X p-OMe p-Me H* p-Br m-NO, p-NO, 
Rate const. ( x 10%) 
at ¥ RB vcs cvctasanaadacateecs 4°30 4:00 3°85 3:00 2-10 1-80 
at Y 26. "6-00 5-80 5-80 5-50 4:85 4°65 
WRN oa tec si atic cedavat eneeaet acer 1-40 1-45 1-51 1-83 2-31 2-58 


* Also (ratios in parentheses) 4-50 (1-17) at Y 
- 5-2: with both initial concns 
2-14m-OH- and 0-46M-oximate ion; 5-75 (1:49) at Y 
oximate ion. 


doubled, 3-80 (0-99 


1-8, 4:75 (1-23) a 


t ¥ = 
at Y = 1-3; 4-30 ( 


’ =: 2-1, and 6-80 (1-77) at 
1-12) when made up as 


2-6 when made up as 2-14m-OH™~ and 0-46m- 
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the rate constant (Table 1), and why the catalytic action shows a saturation effect at high 
base concentrations. It is in this base-catalysed fission process that the normal order of 
substituent effect appears, the p-NO,-group causing the greatest and the #-OMe-group the 
least rise in rate constant with increasing base concentration. 

The effect of varying nuclear substituents (see Table 3) is very small, as would 


TABLE 3. Ratio of rate constants for the alkaiine hydrolysis of X-CgHyCMe:N-OAc 
(0-050M) at 25-0". 


Initial concn. (M) of base EtOH (%) p-NO, m-NO,  p-Br H p-Me p-OMe 
0-130 90 0-80 0-84 0-95 l 1-00 1-03 
0-065 90 0-47 0-55 0-78 l 1-04 1-12 
0-065 35 — 0-50 - l 1:10 a 


be expected in a reaction occurring at a point in a side chain separated by a considerable 
distance from the aromatic nucleus; but the order shown in the Table is clear and the 
reverse of that met in other alkaline hydrolyses of esters; nevertheless, a tendency towards 
the normal order is clearly occurring at higher relative base strengths whilst the abnormal 
order is favoured in a more aqueous solvent. This may be explained if, in addition to the 
base-catalysed fission of the transition state, there is an acid-catalysed fission due to water 
in the reaction mixture. The water molecule attaches itself through its hydrogen atom to 
the basic oxygen atom of the forming oximate ion and thus accelerates the fission. In 
this case the substituent effects would parallel the basicity of the oximes formed, t.e., would 
be in the order shown above. Since this explanation is identical in character with that 
offered for the acid-catalysed hydrolysis of benzaldoxime acetates (Brady and Miller, 
J., 1950, 1234) the similarity of the substituent effects in both order and range was expected. 

The substituent effects in this hydrolysis are, therefore, the resultant of two opposing 
influences, a water-catalysed reaction favoured by electron-releasing substituents and a 
base-catalysed reaction favoured by electron-attracting substituents, the former being the 
more important under the conditions employed. 

The effect of varying the solvent is greater than the substituent effect (see Table 4) 


TABLE 4. Ratto of rate constants for the alkaline hydrolysis of X*CgHyCMe:N-OAc at 
25-0° and initial concns. 0-050M-oxime acetate 0-065M-base. 


Solvent: ethanol, % 


~ anaes = ee 

X 95 90 80 35 

RRND aa acenccscal pchuseuon areignnsan sna tes 1 — 12°25 
BR Wiikok cussrCanp na barkencaan roaceenis techs 0-57 1 1-99 11-53 
Eg intercon ie cecikare cise sersteunes — 1 — 10-61 


and is in the opposite direction to that expected from the simple Hughes-Ingold theory of 
solvent action (Trans. Faraday Soc., 1941, 37, 657) owing to the specific catalysis by the 
water molecule already discussed. This is supported by the solvent effect’s being greatest 
for the compound which gives the most basic oxime. 

The transition state is highly polar and is probably as solvated as the reactants, and 
no salt effects would be expected, as was found experimentally. 


EXPERIMENTAL 


Materials.—The acetophenones were commercial products purified by standard methods, 
except the m-nitro- and p-methoxy-compounds which were prepared as described in Org. Synth., 
10, 74, and 5, 19. The acetophenone oximes were prepared from the ketones in the usual way, 
except for the p-nitro-compound, and crystallised from light petroleum in the cases of the 
lower-melting compounds or from light petroleum-ether. The p-nitro-derivative was prepared 
by the action of hydroxylamine on p-nitrocinnamic acid (Posner, Annalen, 1912, 389, 42). 

The acetophenone oxime acetates were prepared from the oximes by the usual procedure, 
with pure acetic anhydride below 35°. Crystallised from light petroleum—dry ether, the following 
derivatives formed (generally colourless) rhombic prisms: m-nitro-, pale yellow, m. p. 83°; 
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p-methyl-, m. p. 106—107°; p-bromo-, m. p. 96°; p-methoxy-, m. p. 58—54°; and p-nitro-, 
yellow (from light petroleum—acetone), m. p. 124°. All gave a theoretical saponification value. 

Ethanol was purified by Smith’s method (/., 1927, 1288) and was better than 99-9% pure. 
The water was boiled distilled water, kept in a carbon-dioxide-free atmosphere. The thermostat 
was of standard type with a toluene—mercury regulator and was constant to 0-01°. 

The hydrolysis constants (A) were measured by standard conductivity procedures. During 
the work the specific and equivalent conductivity of sodium hydroxide in 90% ethanol was 
measured with the following results : 


Concn. of NaOH (c) (mM)... 0-130 0-065 0-0325 0-01625 0-0065 0-00325 0-0008125 
Equiv. conductivity (A) 22-25 26-20 30°39 33°30 36-33 38-70 41-54 


At infinite dilution, A = 44:35. The A-1/c curve is not linear. 

The reaction products were isolated by dilution of the reaction mixtures with water, 
neutralisation with dilute hydrochloric acid, and extraction with chloroform; the solvent was 
removed by a current of dry air and the residue examined by m. p.s and mixed m. p.s. Absence 
of O-ethers was ascertained by complete solubility of the product in aqueous sodium hydroxide. 


TABLE 5. m-NO,*CgHyCMe:N-OAc = 0-050M; NaOH = 0-:130mM; 90% ethanol ; 25-0°. 


t(b — a) a(b — x) 10°2 
| 505 80 | ast + oe 
* b—* a-—* t (sec.) 2-303 b(a — + | (mole sec.~! 1.) 
0-01688 0-11321 0-03312 0 — — -— 
0-02321 0-10679 0-02679 480 16-67 0-0670 4-020 
0-02766 0-10234 0-02234 960 33-34 0-1275 3-824 
0-03094 0-09906 0-01906 1440 50-51 0-1823 3-645 
0-03361 0-09639 0-01639 1920 66-68 0-2359 3-538 
0-03590 0-09410 0-01410 2400 83°35 0-2909 3-490 
0-03794 0-09206 0-01206 3000 104-2 0-3493 3-352 
0-04010 0-08990 0-00990 3600 125-0 0-4247 3°397 
004235 0-08765 0-00765 4800 166-7 0-5255 3-153 
0-05000 0-08000 0-00000 Inf. — — - 
Corrected: a = 0-0500; b = 0-13000; » = 0-06635; n® = 0-004402; b —n = 0-06365. 
102x 102(a — x) 102(b — n — x) 102(42 — bx + n2)t 10?(b — 2x + y) 
1-688 3-312 4-677 4-993 9-670 
2-321 2-697 4-044 4-386 8-430 
2-766 2-234 3-599 3-964 7-563 
3-904 1-906 3-271 3°657 6-928 
3-361 1-639 3-004 3-410 6-414 
3-590 1-410 2-775 3°200 5-975 
3°794 1-206 2-571 3-016 5-587 
4-010 0-990 2-355 2-824 5-179 
4-235 0-765 2-130 2-627 4:757 
5-000 0-000 1-365 2-006 3°371 
10? (a — x)(6 — 2x +) [(a — x)(b — 2x + y)}? Time (sec.) Total area 10%, (mole sec.“ 1.) 
0-3203 312-2 0 a —= 
0:2258 442°8 480 2,385 4-968 
0-1690 591-9 960 4,680 4-876 
0-1321 757-3 1440 6,884 4-780 
0-1051 951-2 1920 9,160 4:770 
0-0842 1187 2400 11,690 4-869 
0-06738 1484 3000 14,410 4-804 
0-05127 1950 3600 18,110 5-030 
0-03639 2748 4800 23,360 4:868 
- - Inf. — -- 


Average value of k, = 4:85 « 10° mole sec. 1. 


Table 5 records a typical experiment. 
The following are examples of the rate constants obtained in a number of other experiments : 
C,H,*CMe:N*OAc = 0-050M; NaOH = 0-0650mM; 90% ethanol; 25-0°. 
Uncorr.: k, x 108 (mole sec.! 1.) = 3-275, 2-930, 2-866, 2-786, 2710, 2-677, 2-660, 2-554, 
2-433, 2-283, 2-208, 1-850 from 600 to 82,200 sec. 
Corr. : 4:078, 3-797, 3-852, 3-934, 4-022 from 600 to 3600 sec. 
p-Me-C,HyCMe:N-OAc = 0:500M; NaOH = 0-1300m; 90% ethanol; 25-0°. 
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Uncorr.: k, x 108 (mole sec. 1.) = 4:559, 4-446, 4-351, 4-288, 4-271, 4-203, 4-111, 4-004, 
3°773 from 480 to 6600 sec. 

Corr.: 5-508, 5-558, 5-608, 5-669, 5-793, 5-864, 5-867 from 480 to 4860 sec. 

p-BreC,H,CMe:N*OAc = 0-:050M; NaOH = 0-1300mM; 90% ethanol; 25-0°. 

Uncorr.: k, X 10% (mole sec.*1 1.) = 4-206, 4-156, 4-077, 4-014, 3-970, 3-898, 3-868, 3-795, 
3°663, 3-611 from 480 to 9000 sec. 

Corr. : 5°175, 5-330, 5-409, 5-489, 5-5911, 5-675, 5-804 from 480 to 3600 sec. 

p-MeO-C,HyCMe:N*OAc = 0-050M; NaOH = 0-130m; 90% ethanol; 25-0°. 

Uncorr.: k, x 108 (mole sec.! 1.) = 4-505, 4-470, 4-302, 4-274, 4-247, 4-203, 4-138, 4-063, 
from 480 to 4800 sec. : 

Corr. : 5-798, 5-899, 5-808, 5-918, 6-006, 6-072, 6-090, 6-146 from 480 to 4800 sec. 

p-NO,"C,Hy*CMe:N-OAc = 0-050M; NaOH = 0-1300m; 90% ethanol; 25-0°. 

Uncorr.; k, x 10% (mole. sec. 1.) = 3-934, 3-626, 3-519, 3-224, 3-127, 2-807, 2-381 from 600 
to 12,690 sec. 


Corr. : 4°890, 4-735, 4-738, 4-483, 4-501, 4-316 from 600 to 5400 sec 
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829. The Isomerism of the Oximes. Part XLVI.* The Difference 
in Mechanism in the Pyrolysis of Acyl-x- and Acyl-8-aldoximes. 
By O. L. Brapy and Hussein A. M. SHARAWY. 

A kinetic study of the pyrolysis of acyl-«- and -8-aldoximes in xylene has 
shown that the mechanism of decomposition is different in the two cases. 
The pyrolysis of the «-derivative is unaffected by acetic acid pre-added or 
formed during the decomposition but that of the $-derivative is strongly 
catalysed by pre-added acetic acid. The effect of the addition of acid in the 
latter case is not due to isomerisation, as might have been expected, since the 
rate constant for the catalysed reaction was about 10° times that of the 
pyrolysis of the acyl-x-aldoxime. 


Acyl derivatives of #-aldoximes, when heated alone or in an aprotic solvent such as xylene, 
are decomposed almost quantitatively into nitriles and acid; Ambrose and Brady (/., 
1950, 1234) suggested that the most probable mechanism for this pyrolysis involved an 
electron shift in a structure containing hydrogen bonding : 


X-C,H, H H 
6 ¢0 X°C,H, \ 
4 “™ CR rT ‘i R 
U rr 
\oF N Yi 
8) . oO 


No evidence was obtained of homolytic fission, and mechanisms involving a separation 
of charges appeared improbable in view of the energy barrier to be overcome in an aprotic 
solvent and the small effect on the rate constant of varying the substituent X. It was 
pointed out that further information on the validity of this hypothesis might be obtained 
by a kinetic study of the pyrolysis of acyl-8-aldoximes in which stereochemical consider- 
ations debar hydrogen bonding of the above type, although difficulties were expected on 
account of the isomerisation of acetyl-$-aldoximes by mineral acids and therefore possibly 
by the acetic acid formed in the reaction. 

A study has now been made of the pyrolysis of acetyl- and propionyl-z- and -8-aldoximes 
in xylene at 120°, employing a technique which gave more concordant results than did 
that of Ambrose and Brady. 

As before, the pyrolysis of the acyl-«-aldoximes showed first-order kinetics, the plot 
of 1 — « (where a, = extent of decomposition at time ¢) against time being linear, and it 
has now been found that the reaction is not catalysed by added acetic acid (Table 1). 


* Part XLV, preceding paper. 
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The small increase in & in the case of acetyl-«-m-nitrobenzaldoxime is probably due to 
titration errors as the amount of added acetic acid was nearly four times the total acetic 
acid produced in the pyrolysis. 


Pyrolysis of acetyl-x-aldoximes X*CgHyCH:N:-OAc tn xylene at 120°, 


TABLE 1, 
Conen. of acetyl Concn. of Concn. of acetyl Concn., of 
compound AcOH 10° compound AcOH 10° 
xX (mole/l.) (mole/l.) — (see.~") x (mole /l1.) (mole/l.) (sec.~") 
p-MeO ...... 0-0330 0 2-89 3: 4-CH,O0, 0-0319 0 1-87 
0-0336 0 2-86 0-0299 0 1-88 
0-0336 0-0251 2-91 0-0319 0-0370 1-85 
0-0660 0 2-88 m-NO, 0-0381 0 0-72 
0-0660 0-0412 2-90 0-0376 0 0-74 
0-0381 0-1453 0-85 


The rate constants for propionyl- and butyryl-z-3 : 4-methylenedioxybenzaldoxime 
under the same conditions are k = 2-04 and 2-29 x 10°° sec.~! respectively. 
The pyrolysis of acyl-8-aldoximes presented a totally different picture to that of the 


Fic. 1. Fic. 2. 
6r 
Sr 
st _--7& Jp presence of acetic acid _ _ 
Pai L ——= ——— a 
6F “ en g 
% 3b 
- $° 
— i 
& 
e T 2b 
= 
2r Ik 
0 at L 1 1 | 0 j as a on 
0 20 40. _ 60 80 100 0 0 20 Ki] 40 50 
Time (min.) Time (min) 
Fic. 1. Pyrolysis of acetyl-B-m-nitrobenzaldoxime | ) and acetyl-B-p-anisaldoxime (-—-—) at 120°. 


Fic. 2. Pyrolysis of acetyl-B-piperonaldoxime at 120°. 
acyl-z-aldoximes. The reaction is slow at first but, after an induction period, becomes 
much faster. Moreover, pre-addition of some of the carboxylic acid formed in the pyrolysis 
greatly reduces the induction period (Figs. 1 and 2). 

In the presence of added acid the reaction is of the second order, the results being 
shown in Table 2. In the examples given, the time required for the maximum amount 


Pyrolysis of 8-X*Cg.H,-CH:N-O-COR tn xylene at 120°. 


Concn. of added 


TABLE 2. 


Concn. of acyl 


aldoxime R’CO,H 10°R (sec.-} Decomp. 
X R (mole /1.) (mole/1.) mole™! |.) (%) 
GNBOO inicas xegacoans Me 0-0437 0-0222 (R’ = Me) 2-31 91-4 
0-0404 0-0332 (R’ = Me) 2-25 92-8 

+ ee YD 2 eee Me 0-0290 0-0341 (R’ = Me) 2-77, 2-92 91-8, 92-5 
Me 0-0290 0-0315 (R’ = CCl,) 2-55 92-7 
Et 0-0290 0-0393 (R’ = Me) 5-00 90-1 
Et 0-0210 0-0393 (R’ = Et) 4-77 90-5 

WENO, ievccckiecscone Me 0-0369 0-0246 (R’ = Me) 2-06, 2-24 93-4, 93-6 


of acid to be liberated was, for acetyl-3-p-methoxybenzaldoxime and -$-m-nitrobenz- 
aldoxime, reduced from 150—180 to 80—100 min. by pre-addition of the acetic acid; for 


acetyl-6-3 : 4-methylenedioxybenzaldoxime from 
addition of the acetic or trichloroacetic acid; and for propionyl-$-3 : 4-methylenedioxy- 


100—120 to 55—75 min. by pre- 
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benzaldoxime from 70—80 to 35-45 min. by pre-addition of acetic acid and to 40—50 min. 
by pre-addition of propionic acid. Further, whereas pyrolysis of acetyl-«-aldoximes gave 
ultimately not less than 98% of the calculated amount of acetic acid, pyrolysis of acetyl- 
s-aldoximes gave amounts of acetic acid varying from 92-1 to 93-6°% of the calculated 
quantity; the amount of acid liberated was the same within 0-5°% for each individual 
acetyl-4-aldoxime whether it was heated alone or with pre-added acid. The amount of 
acid liberated from propionyl-3-3 : 4-methylenedioxybenzaldoxime was somewhat less, 
namely, 904%, 

The pyrolysis is clearly catalysed by acetic acid; in the absence of pre-added acid a 
slow reaction takes place at first, giving rise to nitrile and acetic acid, and as the latter 
accumulates the much faster acid-catalysed reaction is superimposed. 

Considering first, the second-order acid-catalysed, reaction it is clear that it is not a 
preliminary isomeric change from the acyl-f-aldoxime to the acyl-«-aldoxime, followed by 
pyrolysis of the latter, since the rate constant is nearly 1000 times that of the pyrolysis of 
the acyl-«-aldoxime which is unaffected by acetic acid. In representing the possible 
mechanisms one has the choice between catalysis by protons and by the un-ionised acid 
by hydrogen bonding, as suggested by Hinshelwood and his co-workers (Trans. Faraday 
Soc., 1934, 30, 935; J., 1939, 593). Since it has been shown that the hydrogen chloride- 
catalysed hydrolysis of acyl oximes in aqueous acetone is due partly to un-ionised hydrogen 
chloride (Brady and Miller, /., 1950, 1234), and the reaction was carried out in an aprotic 
solvent, we have adopted the latter representation, but the former could be used equally 
well [compare mechanisms (4) and (5) below}. 

There are several places in the acylaldoxime molecule where such hydrogen bonding 
could occur : 


XC,H, H X-C,H, H 
R NC R NC 
| 9) 1 | . . ° . (1) 
a O=C. ON —— ont N 
SCH, HH oD re) 
R \c%_ MeCco,H i H ~-O-COMe 
| ae a H—O:-COMe 
O=CQ WN An” 
\y X-CjH, H X-C,H, Ht 
= R \C/ R C , 
| o | | a eee 
O=C.¥~ N > OC N 
oO l; O -O-COMe 


tI—O-COMe 
e . 


The fractional positive charge induced on either oxygen atom would favour the rupture 
of the oxygen-nitrogen bond and bring about the elimination of acetic acid as shown. 
Weakening of the oxygen-nitrogen bond in ketoximes by oxonium-salt formation has 
been suggested as the initial stage in the Beckmann rearrangement (Bennett, quoted by 
Chapman, /., 1935, 1226). 

On the other hand, the acetic acid could function as a weak base, giving potential 
hydrogen bonding with the methine-hydrogen atom : 


) 


H—O 


CMe 
| 

O=C, 

O- 


Against mechanism (1) it can be argued that one might expect the acyl-z-aldoxime to 
form a similar hydrogen bond unless the power of the hydroxyimino-oxygen atom to accept a 
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proton is reduced by the hydrogen bonding of the carbonyl oxygen of the acyl group with 
the methine-hydrogen. On the other hand, mechanism (2) is free from this objection 
since in the acyl-x-aldoxime the carbonyl-oxygen atom already takes part in hydrogen 
bonding. It will account for the negligible effect of changing the substituent X in the 
pyrolysis of the acyl-$-aldoximes compared with the effect of similar changes in X in the 
pyrolysis of the acyl-«-aldoximes (Table 1) since the seat of the initiation of the reaction 
is, in the former case, far removed from the substituent X. As the reaction is one of general 
acid catalysis the slight reduction in the rate constant when trichloroacetic acid is sub- 
stituted for acetic acid is not disturbing in view of possible steric-hindrance effects and of 
other anomalous properties of trichloroacetic acid in aprotic solvents (LaMer and Downes, 
J. Amer. Chem. Soc., 1933, 55, 1840; Wooten and Hammett, tdid., 1935, 57, 2289). 

The mechanism suggested in (3) represents, in effect, the normal proton removal from 
an acylaldoxime by, for example, hydroxyl ions which in acyl-$-aldoximes is extremely 
rapid (Mills, British Ass. Report, 1932, p. 47; Benger and Brady, J., 1950, 1221); but it 
is unlikely because the reaction is catalysed by trichloroacetic acid which has a negligible 
basic strength, being un-ionised in concentrated sulphuric acid (Treffers and Hammett, 
J. Amer. Chem. Soc., 1937, 59, 1708). In addition, one would expect the effects of variation 
in X to be greater and to operate in the opposite direction, 7.e., electron withdrawal from 
the methine group should favour proton removal, as shown by Benger and Brady (loc. ctt.). 
Finally, hydrogen bonding could take place at the nitrogen atom (as inset), but such an 

intermediate provides no simple mechanism for the pyrolysis, 

X'CyHy OH which must therefore occur through hydrogen bonding with oxygen 
Me \c% even if this species is present in only small amounts. 

Turning now to a consideration of the early stage of the pyrolysis 

of acyl-$-aldoximes without added acid and before enough has 

been formed in the decomposition to act as catalyst, it is clear 

that the reaction may be initiated by a kind of autocatalysis, in the sense that the acyl-8- 
aldoxime can act as a feeble proton donor to another acylaldoxime molecule : 


| 
O=C N\ 
a \, 
Oo HO:-COMe 


ROG R-C i-() H’ 
é yi 
Me:CO‘O—N Me-C—O—N=CQ = —— Me-CO-O N MeC=O N=CR- (4 
K) RU SR 
Another possibility is that in the absence of an acid catalyst homolytic fission may 
occur : 


R—C—H —» RC + He + Me:CO-O- ——» R°C + Me-CO-OH wy ® 
Me:CO:O-N “N N 


Such a reaction could continue slowly after the liberated acid had initiated the acid- 
catalysed reaction and throughout the reaction when acid was pre-added; it would, 
therefore, account for the fact that pyrolysis of acyl-3-aldoximes differs from that of acyl- 
a-aldoximes in not going to completion in the sense that not more than 93-0% of the 
theoretical amount of acetic acid is liberated; for it has been shown (Kharasch, J. Org. 
Chem., 1949, 14, 91) that the free acetoxy-radical produced in the pyrolysis of diacetyl 
peroxide partly breaks down to Me* and CO,. The lack of appreciable effect of the addition 
of benzoy] peroxide on the pyrolysis is, however, rather unfavourable to this interpretation. 

Heterolytic fission of the acyl derivative 


R:CH:N-:O:COMe === R-CH:N* + —~O-COMe ——® R:CN + HO-CO-OMe 


seems unlikely in view of the energy barrier to be surmounted in xylene. 

Of these three possibilities we are of opinion that the first mechanism (4) is the most 
likely. 

In conclusion, something must be said about the suggestion by Grammaticakis (Bull. 
Soc. chim., 1941, [ve], 8, 106) that the acetyl derivatives of «-aldoximes are N-acyl deriv- 
atives, Ph‘CH:N(COMe)—»O. His argument is based on the similarity in absorption 
SE 
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spectra between the acetyl and the carbamy] derivatives to which Conduche (Ann. Chim., 
1907, 12, 554; 1908, 18, 26, 41), adopting the Beckmann rather than the Hantzsch- 
Werner structures for the isomeric oximes, formulated as Ph‘CH—-N-CO-NH,. Conduche 


based this structure only on the evidence that hydrolysis of the carbamy] derivatives with 
hydrochloric acid gave nitriles, although hydrolysis with alkali gave the «-aldoxime. 
Nitrile formation in those days was taken as evidence of Beckmann’s “ iso-oxime ”’ structure 
RC enn although alkaline hydrolysis was usually employed, and such structures 
‘Oo ; 

were assigned to the derivatives of @-aldoximes rather than to the z-isomerides. Doubt 
has already been thrown on Conduche’s structure for the carbamyl derivatives (Brady 
and Dunn, /., 1913, 108, 1613), and Brady and Grayson (J., 1933, 1037), from evidence 
of absorption spectra, concluded that acetyl-«- and acetyl-3-aldoximes were both O-acety] 
derivatives. Grammaticakis makes no reference to either of these papers and takes 
Conduche’s structure as established; in fact, his absorption curves in no way contradict 
Brady and Grayson’s view and only go to show that the carbamyl compounds also have 
the structure Ph‘CH:N-O-CO-NHg. 

Hydrolysis to nitriles by hydrochloric acid is readily explicable if one realises that the 
compound undergoing hydrolysis, in this case, is PhtCH:N-O:CO-NH,*. Electron with- 
drawal due to the positive charge will favour the rupture of the N—-O bond, resulting in 
pyrolytic decomposition according to the mechanism of Ambrose and Brady (loc. cit.) : 


Ph:C—H-3O Ph-C H—O 
ip C = \|| + | — > CO, + NH,’ 
Raree Marcy + 
ae NH, N Ps NH, 


Trichloroacetylbenzaldoximes, where CCl, replaces NH,* above, rapidly undergo such 
decompositions at room temperature (Benger and Brady, loc. cit.). In alkali the compound 
undergoing hydrolysis is PhtCH:N-O-CO-NH, where the electron displacement will hinder 
rather than favour the rupture of the N—O bond, so oxime is formed. 


EXPERIMENTAL 


Preparation of Materials.—x-Aldoximes were prepared from hydroxylamine hydrochloride, 
the aldehyde, and excess of 2N-sodium hydroxide, to give a homogeneous solution. The oxime 
was then precipitated with carbon dioxide. §-Aldoximes were prepared by the usual methods, 
except in the case of $-m-nitrobenzaldoxime where only that described by Forster and Dunn 
(J., 1909, 95, 430) was satisfactory. §-p-Methoxybenzaldoxime, crystallised from warm 
benzene, had m. p. 133-—134° (lit., 133°); 8-3 : 4-methylenedioxybenzaldoxime, crystallised 
first from acetone and water and then from methanol and water, had m. p. 142° (lit., 145°). 
B-m-Nitrobenzaldoxime, crystallised from warm ethyl acetate and light petroleum, had m. p. 
123° (lit., 123°). Satisfactory acetyl derivatives cannot be prepared from $-aldoximes unless 
the oximes used are pure; it is much easier to purify the 8-oxime than its acetyl derivative. 

The «- and the $-acetyl derivatives were prepared by dissolving the aldoximes in the minimum 
amount of pure acetic anhydride (2-5 c.c. for 2 g. of oxime), with cooling so that the temperature 
did not rise above 25°. After 10 min. the solution was cooled in solid carbon dioxide—ethanol, 
and the crystals which separated were rapidly collected in a well-cooled Hirsch funnel. In 
the case of «-m-nitrobenzaldoxime more acetic anhydride was required for solution (10 c.c.) 
and nothing separated on cooling; so the excess of anhydride was decomposed by 2N-sodium 
carbonate (cooling); the acetyl derivative then separated. The acetyl derivatives were first 
crystallised by addition of water drop by drop to the cold acetone solution, with scratching 
until crystallisation occurred, then dropwise addition of more water with vigorous shaking 
until about two-thirds of the compound was precipitated. This was collected, rapidly dried 
on a porous tile, and recrystallised in a similar manner from cold benzene and light petroleum 
(b. p. 60—80°). Acetyl-a-aldoximes are relatively stable and can be kept for some days in a 
desiccator over solid sodium hydroxide, but acetyl-8-aidoximes must be placed in a desiccator 
over solid sodium hydroxide at once and used within a few hours. Mineral-acid vapour must 
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be rigorously excluded from the room when §-aldoximes or their acetyl derivatives are made or 
used, or isomerisation will occur. 

The m. p.s of the compounds Ar-CH!N-:OAc used (previous values in parentheses) were : 
Ar = p-C,HyOMe, «-, 48—49° (48°), B-, 64—65° (64°); 3: 4-CH,O,°C,Hs, «-, 105° (105°, 108°), 
B-, 87° (85°, 86°); m-C,H,°NO,, «-, 129° (128°), B-, 99° (96—98°). 

a- and 8-3: 4-Methylenedioxypropionylbenzaldoxime, prepared in a similar manner, had 
Tu. p. (a-) 94—95° (95°), (B-) 72°5° (71°); n-butyryl-a-3 : 4-methylenedioxybenzaldoxime had m, p. 
72-5° (Found: C, 61:2; H, 5-3. C,,H,,;0,N requires C, 61-3; H, 5-6%). 

Purification of Xylene.—Commercial xylene (2} 1.) was shaken successively with con- 
centrated sulphuric acid (8 x 100 c.c.), 5N-sodium hydroxide (5 x 100 c.c.), and mercury 
(twice). After being kept for 24 hr. over phosphoric oxide it was distilled twice over fresh 
pentoxide and finally over sodium. The solvent was kept in a vessel with a guard tube of silica 
gel and connected to a burette with an ungreased 3-way mercury-sealed tap. 

Procedure.—The pyrolysis was investigated in xylene at 120°, by sealed tube technique. 
The extent of reaction was determined by titration of the acetic or propionic acid formed with 
barium hydroxide (phenolphthalein). Titration of the organic acid in a mixture of water and 
xylene presented difficulties but when the tirrations were carried out under carefully controlled 
conditions results were concordant. 

A sample of the compound was weighed into a 100-c.c. flask fitted with a ground-glass 
stopper, and a known weight of dry xylene was introduced in such a way that the solvent did 
not come into contact with moist air. The flask was shaken until dissolution was complete 
and the liquid was transferred to an automatic pipette through ground-glass connections without 
exposure to the atmosphere. Clean dry tubes were then charged with known weights of the 
solution and immediately sealed. The tubes were heated at 120° + 0-05°. After 5—10 min. 
one tube was chilled rapidly in carbon dioxide-ethanol. This was taken as the zero-time tube 
but in very slow reactions a longer interval was necessary. The remaining tubes were removed 
after various time intervals, cleaned (carbon tetrachloride), washed with ether, then water, 
broken under water, and titrated against 0-02—0-04N-barium hydroxide. 

Cleaning of the reaction tubes presented some difficulty as the usual acid mixtures were 
unsatisfactory and contact with metal had to be avoided since both acids and metals acted as 
catalysts in some cases. Ultimately the tubes were steamed for 2 hr. on glass jets of an all- 
glass steaming-apparatus, dried in an oven, and kept in a desiccator over solid sodium hydroxide. 

The tubes were broken under water in which the carbon dioxide had been neutralised with 
barium hydroxide, this being the most satisfactory method of removing carbon dioxide. 
Nitrogen from a cylinder was bubbled through the mixture of water and xylene, preventing 
absorption of atmospheric carbon dioxide and providing stirring. A blue daylight lamp was 
used as a standard source of light, and a burette reading to 0-0l-c.c. with a lens was employed. 

Identification of the Products —No decomposition product other than the nitrile and acid 
was detected in any of the pyrolyses. These tests were carried out as were the kinetic experi- 
ments, but with larger amounts. The xylene solution, either as obtained or after evaporation 
to small bulk under reduced pressure, was diluted with a large excess of light petroleum which 
precipitated most of the solute which, when the reaction was allowed to go to completion, was 
almost pure nitrile. With acetyl-8-aldoximes an attempt was made to detect acetyl-«-aldoxime 
after the action had proceeded half way, by warming the precipitated solid with 2N-sodium 
carbonate. This would have converted unchanged acetyl-8-aldoxime into nitrile and hydrolysed 
acetyl-a-aldoxime to a-aldoxime which could be extracted with cold 2N-sodium hydroxide, 
but no «-oxime was found. 

Calculations.—The pyrolysis of acetyl-x-aldoximes showed first-order kinetics. The extent 
(x) of reaction = TNM/1000W where T = titre, N = normality of barium hydroxide, M = 
molecular weight, and W = weight of compound in each tube. The rate constant was then 
calculated from: k = 2-303flog (1 — a) — log (1 — x%)]/(t¢—1¢,). 

The experiment tabulated is typical. 


Pyrolysis of acetyl-x-p-methoxybenzaldoxime in xylene at 120°. 
Concn., 0-0330 mole/l. W = 0-0341 g. M, 193-2. N = 0-0245. 


TRE, SRR. cncesanccces 0 2400 6000 9600 13,200 16,800 20,400 24,000 60 hrs. 
EE CG Saxe cceeuees 0-73 1-15 1-76 2-34 2-83 3-25 3-66 3-93 7-10 
ee errs —_ 2-78 2:88 2-97 2-96 2-92 2-94 2-80 _ 


Mean 10°% = 2-89 sec.-!; decomposition after 60 hr 98:3%. The plot of (1 — a) against time 
was linear. 
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If, in the pyrolysis of acyl-f-aldoximes in the presence of added acid, two simultaneous 
reactions occur and the first is very slow compared with the acid-catalysed one, the former can 
be neglected and the reaction represented at time ¢ by 


(a — x) + b—we x + (b+ 4) 


where a = initial concentration of acyl-8-aldoxime, b = concentration of added acid, and 
x = concentration of nitrile or acid formed at time ¢. If the rate of pyrolysis is proportional 
to the first power of the concentrations of the acyl-8-aldoxime and the acid present, the rate will 
be proportional to (a — x)(b +- x), and the rate equation takes the form dx/d¢t = k(a — x)(b + x) 
since b is a constant. On integration we have 


} 2-303 1 b+. lor 2 
.= —- og — — + log 
t(a +- b) 6 koe. = 6 b 


It was found that in all cases the plot of log (b + x)(a — x) against ¢ was linear for at least 
75—80% of the reaction. 

If no acid was added at the beginning of the reaction, b = 0 and dvx/dt = k(a — x)x¥ and 
k = 2-303{log [¥/(a — x)] + const.}/at. The plot of log ¥/(a — x) against time should be a 
straight line but this was found not to be so, as would be expected since the first reaction would 
not be negligible until sufficient acid had accumulated to start the acid-catalysed reaction. 
For this reason the rate constant was calculated only where acid was added at the beginning 
of the reaction. 

Typical experiments are tabulated. 


Pyrolysis of acetyl-B-m-nitrobenzaldoxime in xylene at 120°. 

W =0-0411 gz. N = 0-0233. M = 208-17. Initial concn. of acetyl derivative (a) = 0-0369 mole/l., 
and acetic acid (b) = 0-0246 mole/l. Selected zero-time tube removed after 360 sec. Original titre = 
5-65 c.c. of 0-0233N-Ba(OH),; titre after 360 sec. = 6-60 c.c., giving, at selected zero time, a = 0-0328 
and b = 0-0287. 


Time (sec.) Titre b+x x a—* 10° (sec.-! mole? 1.) 
0 6-60 0-0287 0 0-0328 -- 
180 7-45 0-9324 0-0037 0-0291 2:17 
360 8-35 0-0363 0-0076 0:0252 2-26 
540 9-30 0-0404 0-0117 0-0211 2-36 
720 10-05 0-0437 0-0150 0-0178 2-33 
900 10-65 0-0463 0-0176 0-0152 2-25 
1440 12-00 0-0522 0-0235 0-0093 2-10 
2640 13-05 0-0567 0-0280 0:0048 (1-62) 
120 min 13-60 0-0591 0-0304 0-0024 = 
180 min. 13-60 0-0591 0-0304 0-0024 = 


Mean k = 2-24 x 10 sec.-! mole! 1. Decomp. at the end of the reaction 93-6%. 


Pyrolysis of acetyl-8-m-nitrobenzaldoxime in xylene at 120° without the pre-addition of acid. 
a = 0-374 mole/l. W = 0-0417 g. N = 0:0245. M = 208-17. 


Time (min.) ......... 10 20 25 30 40 50 70 90 150 20 hr. 
Ek eer 0-20 1-00 1-65 2-55 3°80 5-60 6°85 7:60 8-05 8-05 
Decomp. after 20 hr. = 93-5%,. 


Addition of Benzoyl Peroxide.—The pyrolysis of identical solutions of acetyl-8-p-methoxy- 
benzaldoxime, without the pre-addition of acid, was measured with and without the addition 
of 3% of benzoyl peroxide; in both cases the reaction was complete in from 150 to 180 min. 
Addition of as much as 50% of benzoyl peroxide reduced the time of completion of the reaction 
only to 100—120 min. 


THE WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
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830. The Action of Hydrogen Sulphide on Certain Aromatic 
Amines in the Presence of Formaldehyde. 


By Dennis CoLitins and JOHN GRAYMORE. 


Aniline and -toluidine are shown to condense with hydrogen sulphide 
and formaldehyde to give tetrahydrothiadiazines, thia~azetidines, and di- 
hydrodithiazines. m-Toluidine failed to give a tetrahydrothiadiazine. 


Previous papers (J., 1950, 208; 1953, 143) have recorded the action of hydrogen sulphide 
on methyleneimines obtained from cyclohexylamine, benzylamine, and substituted benzyl- 
amines. Recently we found that the action of hydrogen sulphide on benzylideneaniline 
in the presence of formaldehyde leads, contrary to expectation, to 3-phenyl-1-thia-3- 
azetidine and benzaldehyde : 
Ph-CH:NPh + H,S + 2CH,O ——» Ph:N¢ i YS + Ph’CHO + H,O 
(1) oe 

Accordingly we re-investigated the action of hydrogen sulphide and formaldehyde on 
aniline. Wohl (Ber., 1886, 19, 2345) failed to obtain a crystalline product from this 
reaction, and Le Févre and Le Feévre (/J., 1935, 865) reported an oily product which gave 
trithioformaldehyde on hydrolysis with hot hydrochloric acid. 

Levi (Atti R. Accad. Lincei, 1929, 9, 790) described the preparation of thiadiazines (IT) 
from aniline, f-toluidine, and benzylamine, but gave no details about the proportions of 
hydrogen sulphide and formaldehyde used. 

In our hands, aniline and /-toluidine yielded, not only the tetrahydrothiadazines (II), 
but also the thia-azetidines (as I) and the dihydrodithiazines (III). The thiadiazines were 


Jor NR Jou S\. 
(I CH CH, (III 
\ cHyNR/ ‘ \ cHyN gre RES 


obtained when 1 mol. of hydrogen sulphide in aqueous-ethanolic formaldehyde was 
condensed with 2 mols. of the amine: aniline gave a 75% yield of (II; R = Ph), and 
p-toluidine a 65% yield of (II; R = #-C,H,Me) with a small amount of 3-p-tolyl-1-thia-3- 
azetidine (as I), but m-toluidine gave only (20°) 3-m-tolyl-l-thia-3-azetidine, and 
o-toluidine gave an oil. Use of smaller proportions of hydrogen sulphide gave no thiadi- 
azine. 

Condensation of 2 mols. of hydrogen sulphide with 1 mol. of amine in aqueous ethanolic 
formaldehyde gave mixtures of the thia-azetidine (as I) and the dithiazine (III), save that 
o-toluidine again gave an oil. 

All eight cyclic products rapidly decomposed, when heated with hydrochloric acid, to 
trithioformaldehyde and the amine hydrochloride. 


EXPERIMENTAL 


Tetrahydro-1-thia-3 : 5-diazines.—Hydrogen sulphide was passed through a mixture of 
ethanol (25 c.c.) and formaldehyde (25 c.c. of 40%) until 0-5 mol. had been absorbed. This 
solution was then added to a solution of the amine (10 g.) in ethanol (25 c.c.) at 0°. An oil 
separated, which crystallised overnight at 0°. Recrystallisation from ethanol gave 3: 5-di- 
phenyltetrahydro-1-thia-3 : 5-diazine, m. p. 103° (Levi, Joc. cit., gives m. p. 103°) (10-3 g.) 
(Found: C, 70-1; H, 6-1; N, 11:3; S, 13-0. Calc. for C,;H,,N,S: C, 70-3; H, 6-3; N, 10-9; 
S, 12:5%), and 3: 5-di-p-tolyltetrahydro-1-thia-3 : 5-diazine, m. p. 105° (Levi, loc. cit., gives 
m. p. 105°) (8-6 g.) (Found: C, 71-5; H, 7-2; N, 10-2; S, 11-1. Calc. for C,,H gN,S: C, 71-8; 
H, 7-0; N, 9-9; S, 113%); the latter was separated from the thia-azetidine (1-5 g.) during the 
crystallisation. 

1-Thia-3-azetidines and 5 : 6-Dihydro-| : 3-dithia-5-azines.—Reaction was effected as above 
except that 2 mols. of hydrogen sulphide in ethanol (50 c.c.) and formaldehyde solution (50 c.c. ; 
40°) were used. The liquid became opalescent and an oil separated from which, on refriger- 
ation overnight at 0°, a sticky solid was obtained. This was fractionally crystallised from 
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ethanol or acetone, the thia-azetidines being in the least soluble fraction; the dithiazines 
crystallised with difficulty. 

In this way aniline gave 3-phenyl-1-thia-3-azetidine (2-8 g.), plates, m. p. 172° (from ethanol) 
(Found: C, 63-8; H, 6-4; S, 20-9; N, 9-0. C,H,NS requires C, 63-5; H, 6-0; S, 21-2; N, 
9-3%) and 5: 6-dihydro-5-phenyl-1 : 3-dithia-5-azine (13-9 g.), m. p. 109° (from aqueous ethanol 
at 0°) (Found: C, 55-0; H, 5-8; S, 32-1; N, 6-8. C,H,,NS, requires C, 54:8; H, 5-6; S, 
32:5; N, 7-1%). p-Toluidine gave 3-p-tolyl-1-thia-3-azetidine (2-6 g.), needles, m. p. 174° (from 
ethanol) (Found: C, 65-2; H, 6-5; S, 19-1; N, 8-4. C,H,,NS requires C, 65-4; H, 6:7; S, 
19:4; N, 85%), and 5: 6-dihydro-5-p-tolyl-1 : 3-dithia-5-azine, m. p. 142° (from aqueous 
ethanol at 0°) (Found: C, 56-7; H, 6-3; S, 29-9; N, 6-8. C,9H,,NS, requires C, 56-9; H, 6-2; 
S, 30-4; N, 66%). m-Toluidine gave 3-m-tolyl-1-thia-3-azetidine, needles, m. p. 183° (from 
acetone), sparingly soluble in ethanol (Found: C, 65-2; H, 6-8; S, 19-5; N, 8-7%), and 
5 : 6-dihydro-5-m-tolyl-1 : 3-dithia-5-azine, m. p. 120° (from acetone or ethanol) (Found: C, 
56:7; H, 6:3; S, 29-9; N, 66%). 

3-Phenyl-1-thia-3-azetidine from Benzylideneaniline.—Benzylideneaniline (2 g.) (recrystallised 
from ethanol) was dissolved in ethanol (20 c.c.), and treated with a solution of hydrogen sulphide 
(1 mol.) in aqueous formaldehyde (20 c.c.; 40%) gradually at 0°. A crystalline precipitate 
(1-26 g.) separated on storage overnight at 0°. This crystallised frc n ethanol and was shown by 
analysis to be the phenylthia-azetidine. After acidification of the mother-liquor with dilute 
hydrochloric acid, the benzaldehyde was removed in ether and on oxidation gave 1-03 g. of 
benzoic acid. 

In general the above compounds were soluble in ethanol, methanol, and acetone, readily 
soluble in benzene, very soluble in chloroform and pyridine, and sparingly soluble in light 
petroleum. 
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831. The Isolation of Oligosaccharides from Gums and 
Mucilages. Part I.* 


By P. Anprews, D. H. BALL, and J. K. N. Jones. 


Graded hydrolysis of peach gum and cherry gum yields a mixture of mono- 
and oligo-saccharides from which 3-O-8$-L-arabopyranosyl-L-arabinose (I) has 
been isolated and characterised. The mixture of sugars obtained on graded 
hydrolysis of peach gum and cholla gum contains (4 or)5-O-8-p-xylopyranosyl- 
L-arabinose (IT). 


THE links between the sugar units in gums and mucilages vary considerably in their 
resistance to acidic and enzymic hydrolysis. In general, pentose units are liberated more 
easily by acids than are other sugar units. Graded hydrolysis of pentose-containing 
polysaccharides results in the formation of free pentose, pentose-containing oligosac- 
charides, and the degraded polysaccharide. This graded hydrolysis may be achieved by 
the prolonged action of cold aqueous mineral acids on the polysaccharides or, in the case 
of acidic plant gums, more conveniently by heating aqueous solutions of the ash-free gums 
(autohydrolysis). Chromatography on cellulose and charcoal facilitates the isolation and 
examination of the oligosaccharides, and by determining their structures some of the finer 
points of the polysaccharide structures may be elucidated. 

Previous work had indicated that the majority of L-arabinose residues present in the 
gums and mucilages are in the acid-labile furanose form. Recently it has been shown 
that some of the L-arabinose units in polysaccharides occur in the pyranose form. White 
(J. Amer. Chem. Soc., 1953, 75, 257) has proved the presence of L-arabopyranose end-groups 
in sapote gum, and Jones (/., 1953, 1672) has isolated a disaccharide, 3-O-8-L-arabo- 
pyranosyl-L-arabinose (I) from the ¢e-galactan of the larch. Evidence is now presented 
that arabopyranose units are present in peach gum and cherry gum. 

The graded hydrolysis of ash-free peach gum (Jones, /., 1950, 534), cherry gum (Jones, 

* An abstract of this paper was presented at the XIII Intern. Congr. Pure & Appl. Chem. at Stock- 
holm, 1953. 
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J., 1939, 558), and cholla gum (Brown, Hirst, and Jones, /., 1949, 1761) in N-hydrochloric 
and Nn-sulphuric acid at 20°, and in water at 100°, was followed by paper chromatography. 
Examination of the reaction mixtures at intervals showed that arabinose, xylose, and 
various oligosaccharides were liberated. When the concentrations of oligosaccharides 
were judged to have reached maximum values, the solutions were passed through Amberlite 
resin IR-4B columns to remove mineral acids and uronic acids of low molecular weight, 
and the effluents, which contained reducing sugars and gum acids of higher molecular 
weight, were brought to pH 6. The solutions were then concentrated and poured into 
alcohol and the precipitated salts collected. Concentration of the filtrates gave mixtures 
of sugars which were fractionated on cellulose or on charcoal. 

Chromatographic analysis (Partridge, Nature, 1946, 158, 270) of the sugars produced 
on hydrolysis of peach and cherry gum showed the presence of 3-O-$-L-arabopyranosyl-L- 
arabinose (I). It was isolated and characterised as its osazone and hexamethyl ether, 
which on hydrolysis yielded 2 : 3 : 4-tri- and 2 : 4-di-O-methyl-1-arabinose. 

Peach gum gave, in addition to (I), a second disaccharide, which is probably 5-O-8-p- 
xylopyranosyl-L-arabinose (II). The latter was also isolated from cholla gum, and both 
these gums gave smaller amounts of other oligosaccharides. When the neutral sugars 
from the hydrolysis of cholla gum were fractionated on charcoal (Whistler and Durso, 
J. Amer. Chem. Soc., 1950, 72, 677), the monosaccharides were eluted first, and then a 
disaccharide which contained galactose residues only; next (II) appeared, and finally 
oligosaccharides containing L-arabinose units only. These results were unexpected, 
inasmuch as elution was not in the order of the molecular weights. 

The syrupy reducing disaccharide (II) yielded a crystalline disaccharide osazone, thus 
proving the presence of a hydroxyl group of Cy) of the reducing sugar unit. D-Xylose 
was produced on hydrolysis of the osazone, showing that the arabinose portion of the 
disaccharide is responsible for its reducing properties. The negative rotation of (II) 
indicates that the linkage is probably of the 6-type, and that the arabinose unit is in the 
furanose form. Methylation of (II) followed by hydrolysis gave 2 : 3 : 4-tri-O-methyl-p- 
xylose, identified by its rate of movement on the chromatogram, its m. p., and the 
properties of the derived N-phenyl-p-xylosylamine 2: 3: 4-trimethyl ether. The di-O- 
methylarabinose fraction was identified as the 2: 3-isomer by its rate of movement on 
the chromatogram which clearly distinguished it from the 2:4- and the 3: 4-isomer, 
and by conversion into 2 : 3-di-O-methyl-L-arabono-y-lactone and the derived amide. 
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Bromine oxidation of (II) yielded the corresponding bionic acid which, on methylation 
followed by hydrolysis, gave 2: 3: 4-tri-O-methyl-p-xylose and (probably) 2 : 3 : 4-tri-O- 
methyl-L-arabonic acid. The latter gave, when treated with phenylhydrazine, a crystalline 
derivative which did not depress the m. p. of 2:3: 4-tri-O-methyl-L-arabonopheny]l- 
hydrazide, but insufficient of this derivative was obtained for complete characterisation. 
However, the equilibrium optical rotation of the arabonic acid derivative strongly indicates 
that it was the 2:3:4 and not the 2:3: 5-tri-O-methyl isomer. Therefore the disac- 
charide probably contains a 1 : 5-linkage. 

It is becoming increasingly apparent that the gums have some common structural 
features. For example, the more acid-resistant backbone of the gums, in which 1 : 3- 
and 1 : 6-linkages predominate (cf. Dillon, Abs., 13th Intern. Congr. Pure & Appl. Chem., 
p. 217), seems to be built up of D-galactose and uronic acid residues. It now appears that 
the pentose side chains may resemble one another in certain important respects, notably 
in the presence of D-xylopyranose, L-arabopyranose, and L-arabofuranose residues. It 
will be of interest to determine whether or not L-arabopyranose residues occur in all 
arabinose-containing polysaccharides. 
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EXPERIMENTAL 

Chromatographic separations, on Whatman No. 1 paper, were carried out with the following 
solvent mixtures: (a) ethyl acetate—acetic acid—formic acid—water (18: 3:1: 4); (6) butanol— 
pyridine—water (10: 3:3); and (c) butanol-ethanol—water (40:11:19), all v/v. p-Anisidine 
hydrochloride was used as spray to reveal the sugars. Optical rotations were determined at 
20° and in water unless otherwise stated. Evaporation of solutions was carried out under 
reduced pressure. Microanalyses are by Mr. B. S. Noyes of Bristol. 

Hydrolysis of Cherry Gum.—Cherry gum (150 g.) was dissolved in water (800 c.c.), and con- 
centrated hydrochloric acid (80 c.c.) added cautiously with vigorous stirring and cooling. The 
solution was kept at room temperature (20° + 2°) and portions were examined chromato- 
graphically daily. After 3 weeks the chromatographic picture indicated that little further 
hydrolysis of the gum was taking place. The viscous solution was diluted with water (1 1.) 
and filtered, and the filtrate poured into alcohol (4 1.). The precipitate (66 g.) was collected 
and the filtrate passed down a column of Amberlite resin IR-4B. The effluent was concen- 
trated to a syrup (60 g.), and a portion (25 g.) of it was separated on a column of cellulose 
(15 x 24”), with butanol half saturated with water as effluent (Hough, Jones, and Wadman, 
J., 1949, 2511). The first portion of the effluent (4 1.) was discarded as it contained arabinose 
only. The effluent was then collected portionwise and, after examination on the paper chrom- 
atogram, was divided into five fractions each containing oligosaccharides formed of pentose 
residues. All the oligosaccharides moved more slowly on the paper chromatogram in solvents 
(a, b, and c) than did galactose. Their rates of movement relative to galactose (Rg, values) 
were 0-73, 0-53, 0-42, 0-34, and 0-13 in solvent (a). The major component (2:1 g.) had Rea 
0-53 and [a], + 204° (c, 0-7). It was indistinguishable from 3-O-8-L-arabopyranosyl-L-arabinose 
(If) on the chromatogram and gave arabinose only on hydrolysis (detected chromatographically). 
Heating the syrup (100 mg.) with phenylhydrazine acetate solution produced an osazone (71 
mg.), m. p. and mixed m. p. 233°, after recrystallisation from alcohol (Found: C, 57-2; H, 
5-9; N, 11-6. Calc. for C,,H,,0,N,: C, 57-4; H, 6-1; N, 12-2%). This material was indis- 
tinguishable by X-ray diffraction analysis from an authentic sample of 3-O-8-L-arabopyranosyl- 
L-arabinosazone prepared from larch e-galactan (Jones, J., 1953, 776). 

Methylation. The syrupy sugar (I) (510 mg.) was methylated (for details see Jones, loc. 
cit.), and the product (218 mg.), with mj 1-4718 and [a], + 280° (c, 0-8) (Found: OMe, 49-2. 
Calc. for C,gH 90, : OMe, 50-6%), was hydrolysed by boiling 0-8N-hydrochloric acid; the solu- 
tion had [«],, +126° (equil. value). The products of hydrolysis (203 mg.) were separated by 
chromatography on sheet-paper chromatograms (cf. Jones, loc. cit.). The isolated sugars, 
2: 3: 4-tri-O-methyl-L-arabinose (87 mg.), with [a], +-122° (c, 4-7) (Found: OMe, 47-0. Calc. 
for C,H,,0;: OMe, 48-4%), and 2: 4-di-O-methyl-L-arabinose (86 mg.), with [a]) +118° (c, 
3:1) (Found: OMe, 34:8. Calc. for C,;H,,O;: OMe, 34-8), were indistinguishable from 
authentic specimens on sheet paper chromatograms. They were identified as 2:3: 4-tri-O- 
methyl-L-arabonophenylhydrazide, m. p. and mixed m. p. 160°, and as N-phenyl-L-arabinosyl- 
amine 2: 4-dimethyl ether, m. p. and mixed m. p. 145°, respectively. These derivatives were 
prepared in good yield by the procedures given by Jones (loc. cit.). The N-phenyl-L-arabino- 
pyranosylamine 2: 4-dimethyl ether was obtained with m. p. 126° in a second methylation 
experiment. The reason for this difference in m. p. is uncertain but is possibly due to the 
existence of «- and 8-forms of the compound. 

3: 4-Di-O-methyl-L-arabinose.—This sugar was prepared for comparison with the dimethyl 
arabinose obtained from (I). Methylation of methyl 2-O-toluene-p-sulphonyl-§-L-arabinoside 
(5 g.) with Purdie’s reagents gave the di-O-methyl ether, which (4-4 g.) was converted into 
methyl 3 : 4-di-O-methyl]-8-L-arabinoside by reduction with lithium aluminium hydride (1 g.) 
in ether (50 c.c.). The product was isolated in the usual way and without further purification 
was converted into 3 : 4-di-O-methyl-L-arabinose, a syrup, [«]) + 104° (c, 2-1) (Found: OMe, 
35-3. Calc. for C;H,,0,: OMe, 34:8%) (cf. Honeyman, /., 1946, 990). The product behaved 
as one substance on the paper chromatogram, and is separable from the 2 : 3-isomer (Ig 0-70) 
and the 2: 4-isomer (2g 0-64) as it runs more slowly (Rg 0-58) than these [Rg values quoted for 
solvent (c)]. When the sugar was heated at 30° with phenylhydrazine acetate solution 
L-avabinosazone 3: 4-dimethyl ether, m. p. 142° (from ethanol), was produced (Found: C, 63-5; 
H, 6-9; OMe, 16-1. C,,H,,O,N, requires C, 64-0; H, 6-7; OMe, 17-4%). 

Hydrolysis of Peach Gum.—Peach gum (150 g.) was hydrolysed with n-hydrochloric acid 
(880 c.c.) for 3 weeks and worked up as described for cherry gum. A portion (20 g.) of the 
syrup (ca. 50 g.) was fractionated on a cellulose column (15 x 24”) with butanol half saturated 
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with water as eluant. The first four litres of effluent contained rhamnose, arabinose, and traces 
of xylose, and were discarded. The effluent was then collected portionwise and eventually 
divided into five main fractions of which the fastest (4) (0-81 g.), with Rgy 1-0 in solvent (a) 
and 1-2 in solvent (b), was the disaccharide (Il) composed of xylose and arabinose units. The 
middle fraction (B) (1-1 g.), with Aga) 0-75 in solvent (a) and 0-58 in solvent (6), was the disac- 
charide (1) composed of arabinose units only. These two fractions were further examined as 
follows : 

Fraction (B), [a]p -++ 230° (c 1-7), was identified as 3-O-3-L-arabopyranosyl-L-arabinose (I) 
by heating a portion of it with phenylhydrazine acetate solution ; 3-O-8-L-arabopyranosyl-L- 
arabinosazone was produced, with m. p. 235° after recrystallisation from ethanol (Found: C, 
57-2; H, 61; N, 12-1. Calc. for C,.H,,O,N,: C, 57-4; H, 6-1; N, 12-2%). The osazone on 
hydrolysis gave only arabinose, which was identified chromatographically. The X-ray 
diffraction pattern of this osazone and that of an authentic sample of 3-O-$-L-arabinopyranosy!- 
L-arabinosazone were identical. 

Fraction (A), [x], —34° (c, 6-0), was identified as 5(?)-O-$-p-xylopyranosylavabinose (II). 
When a portion (0-1 g.) was heated with phenylhydrazine acetate solution an osazone was 
formed. This material was recrystallised from aqueous ethanol after which it had m. p. 216° 
(Found: C, 57-2; H, 6-1; N, 12-1. C,,.H,,0,N, requires C, 57-4; H, 6-1; N, 12-2%). On 
hydrolysis with n-hydrochloric acid xylose was produced [detected chromatographically ; 
solvent (b)). 

Methylation of fraction (A). The disaccharide (II) (370 mg.) was methylated with sodium 
hydroxide and methyl sulphate, and the product (133 mg.), mjf 1-4675 (Found: OMe, 49-0. 
C1gH)0, requires OMe, 50-8%), was isolated by continuous extraction with chloroform. It 
was then distilled, and the distillate (115 mg.) [b. p. 180° (bath-temp.)/0-3 mm.] hydrolysed 
with boiling 0-2N-sulphuric acid (10 c.c.). The solution had [a], —70° (init. value; c, 1-1) 
—» + 43° (const. value) in4hr. The solution was neutralised (barium hydroxide), then acidified 
with a drop of acetic acid, and the solvent removed. The residue was extracted with acetone, 
and the syrup remaining (80 mg.) after evaporation of the acetone consisted of two sugars. 
They were separated on a sheet of filter paper (Whatman No. 1) with solvent (c), and after 
elution from the appropriate sections of paper with acetone were identified as 2: 3: 4-tri-O- 
methyl-p-xylose (40 mg.) and 2; 3-di-O-methyl-L-arabinose (30 mg.) respectively. The former 
crystallised; it had [a], +16° (c, 0-4) and m. p. and mixed m. p. 91° after recrystallisation 
from ether (Found: OMe, 49-4. Calc. for C,H,,0;: OMe, 48-5%). It was indistinguishable 
from 2:3: 4-tri-O-methyl-p-xylose on paper chromatograms in solvents (a, b, and c). The 
second sugar was a syrup with [a]) +101° (c, 3-0) (Found: OMe, 35-2. Calc. for C,H,,0; : 
OMe, 34:8%), and was indistinguishable from 2: 3-di-O-methyl-L-arabinose on the paper 
chromatogram. On oxidation with bromine water it yielded a crystalline lactone, m. p. 30°, 
[a], —38° (init. value) (c, 0-3) —+» —30° (7 days), which was converted by reaction with liquid 
ammonia into 2 : 3-di-O-methyl-L-arabonamide, m. p. 160°, undepressed on admixture with an 
authentic specimen (Found: OMe, 32-4. Calc. for C;,H,,O,N : OMe, 32-1%). 

Hydrolysis of Cholla Gum.—The crude gum (100 g.) was powdered, mixed with 6N-sulphuric 
acid (1 1.), and kept at 20° + 2° for 3 weeks. During this period the gum swelled and dissolved 
and the viscosity of the solution gradually diminished. The mixture was diluted to 2 1. with 
water and centrifuged to remove sand, cactus spikes, and other organic debris (25 g.). The 
clear supernatant liquid was neutralised with barium hydroxide and filtered, and the filtrate 
poured into alcohol. The degraded gum, which was precipitated, was collected on the filter 
(C), washed exhaustively with alcohol and ether, and dried under reduced pressure (yield, 
17-5 g.). This material on hydrolysis gave mainly galactose and galacturonic acid, together 
with much smaller amounts of rhamnose, arabinose, and xylose (all detected chromato- 
graphically). The filtrate from (C) was concentrated to a syrup (34-2 g.). Paper-chromato- 
graphic examination of the syrup indicated the presence of arabinose (ca. 50%), xylose, and 
rhamnose, and sugars with the following R,,; values: in solvent (a), 0-9, 0-6, 0-4, and 0-2; in 
solvent (b), 1-3, 1-0, 0-7, and 0-13; and in solvent (c), 1-0, 0-5, 0-3, and 0-2. Each of these 
oligosaccharides gave a red colour with the p-anisidine hydrochloride reagent. Acidic oligo- 
saccharides which were present only in very small amount were removed from this sugar mixture 
by passage of its aqueous solution down columns of, successively, Amberlite resins IR-120 and 
Amberlite IR-4B. The effluent was concentrated to a syrup, the arabinose in it which crystal- 
lised (10 g.) was filtered off, and the residual syrup fractionated on a column (20 x 1”) of char- 
coal—celite (1: 1 w/w) (Whistler and Durso, Joc. cit.). The normal rate at which water passed 
through this column was approx. 150 c.c. per day. In order to accelerate this process a device 
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for elution under pressure was designed. It consists essentially of a steel cylinder surrounding 
the glass column. An air-tight joint is made at the base of the cylinder by means of a rubber 
bung through which is inserted the tapered end of the glass column. A circular brass plate, 
through which is screwed a high-pressure bicycle-tyre valve, is clamped by means of four wing- 
nuts to a flange at the top of the cylinder. A rubber washer between the plate and the flange 
ensures an air-tight joint. Sufficient pressure (obtained by use of a bicycle-pump) to increase 
the rate of elution to approx. 100 ml. per hr. was used. The effluent was collected portionwise, 
the solvent was removed, and the sugar fractions were examined chromatographically. The 
first fraction (ca. 7-2 g.), eluted with water contained only xylose, arabinose, and galactose, 
and was not further examined. The next fraction (0-8 g.) was eluted with water containing 
5% of ethanol and contained a component with /,,; 0-2 in solvent (a). The following fraction 
(D) consisted of the xylosylarabinose disaccharide (II) (5 g.) with Rg 0-9 in (a), and the last 
fraction contained components with gq; 1-0 and 0-7 in (a). 

Heating a portion of fraction (D) with phenylhydrazine acetate solution gave an osazone, 
m. p. 207°, [a], +48° + 8° (c, 0-25 in pyridine-ethanol, 3:2 v/v) (Found: C, 57-7; H, 6-2; 
N, 12-0. Calc. for C,.H,,0,N,: C, 57-4; H, 6-1; N,12-2%). When the osazone was hydrolysed 
with n-hydrochloric acid and the products of hydrolysis were examined chromatographically, 
only xylose was detected. The X-ray powder photograph of this osazone was identical with 
that of the 5(?)-O-8-p-xylopyranosyl-L-arabinosazone from peach gum (see above). 

The disaccharide (II) in fraction (D) was further examined as follows : 

Methylation. Methylation of the disaccharide (II) (300 mg.) with methyl sulphate and 
sodium hydroxide (30% w/v) gave the hexamethyl derivative (270 mg.), [a], —73° (c, 1-0) 
(Found: OMe, 48-9. Calc. for C,gH3g0,: OMe, 50-8%). This product (260 mg.) was 
hydrolysed in boiling N-sulphuric acid (13 c.c.). The solution had [a], -+52° after 90 min. 
(equil. value). It was cooled and neutralised, and the methylated sugars (220 mg.) were 
isolated, after evaporation of the solution, by extraction of the residue with acetone. Paper- 
chromatographic examination showed the presence of two sugars with Rg 0-96 and 0-70 in 
solvent (c), corresponding to 2:3: 4-tri-O-methylxylose and 2: 3-di-O-methylarabinose 
respectively. The latter sugar is readily differentiated from the 2: 4- and the 3: 4-isomer 
which move considerably more slowly [Hg 0-64 and 0-55 respectively in (c)], and the 2 : 5-isomer 
which moves much more rapidly [/%g 0-85 in (c)]. The two sugars were separated on a sheet- 
paper chromatogram and shown to be 2: 3: 4-tri-O-methyl-p-xylose (100 mg.), m. p. 91°, 
[a], 14° + 5° (equil. value) (Found: OMe, 47-4. Calc. for C,H,,0;: OMe, 48-5%), and 2: 3- 
di-O-methyl-L-arabinose (100 mg.), [x], +98° + 2° (c, 1-6) (Found: OMe, 32-3: Calc. for 
C,H,,0,: OMe, 34:8%). The derived N-phenyl-t-arabinosylamine 2: 3-dimethyl ether 
melted at 138° alone or mixed with an authentic specimen. 

Preparation and methylation of the aldobionic acid from (II). The disaccharide (II) (400 mg.) 
was oxidised with bromine water at 20° for 4 days. After removal of the excess of bromine 
by aeration, the solution was neutralised with silver carbonate, filtered, treated with hydrogen 
sulphide, again filtered, and concentrated. Paper-chromatographic examination of the syrupy 
product (350 mg.) (with ammoniacal silver nitrate as spray) indicated that it consisted in the 
main of a disaccharide lactone, and that no monosaccharide lactones were present. To this 
material in sodium hydroxide solution (20% w/v; 10 c.c.) was added methyl] sulphate (5 c.c.) 
dropwise during 2 hr, This methylation was twice repeated, then after overnight stirring the 
mixture was brought to pH 2 with n-sulphuric acid and extracted continuously with chloroform. 
The syrupy chloroform-soluble product (300 mg.) was twice methylated with Purdie’s reagents 
(yield, 240 mg.) and then distilled under reduced pressure. The main fraction (180 mg.) had 
b. p. 190—210° (bath-temp.) /0-3 mm., nj? 1-4636, and [a], —88° (c, 1-8) (Found: OMe, 51-3. 
Calc. for C,;H 3,01): OMe, 548%). This fraction was hydrolysed in boiling N-sulphuric acid 
for 3 hr.; the solution (E) was then brought to pH 7 with N-sodium hydroxide, and extracted 
continuously with chloroform. This process gave 2:3: 4-tri-O-methyl-p-xylose (80 mg.), 
which after recrystallisation from ether—light petroleum (b. p. 40—60°) had m. p. and mixed 
m. p. 87-—-88° and [a], +16° (equil. value; c, 0-6); the derived N-phenyl-p-xylosylamine 
2:3: 4-trimethyl ether had m. p. and mixed m. p. 104°. 

The solution (E) was next brought to pH 1 with n-sulphuric acid and again extracted con- 
tinuously with chloroform. The extract was concentrated to a syrup (55 mg.) which had 
{a}, +65° (30 min.; c, 1-0) —» + 23° (24 hr.; equil. value) [Found: OMe, 46-3. Calc. for 
C,gH,,0, (the free arabonic acid) : OMe, 44-7. Calc. for C,H,,0; (the lactone) : OMe, 48-9%]}. 
The syrup when boiled in ethanolic solution with phenylhydrazine gave a crystalline product 
which after recrystallisation from ethanol-ether-light petroleum (b. p. 60—80°) had m. p. 156°, 
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undepressed on admixture with authentic 2: 3: 4-tri-O-methyl-t-arabonophenylhydrazide. 
Insufficient material was obtained for analysis. 
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832. Reactions of Thallium. Part II.* Thallous Ethoxide as a Catalyst 
in the Oxidation of the Aromatic Acyloins by Nitrobenzene. 
By L. P. McHatton and M. J. SOULAL. 


In the presence of a small quantity of thallous ethoxide nitrobenzene 
oxidises aromatic acyloins to the corresponding «-diketones. Nitroalkanes 
do not react in this way. 


METALLIC thallium reduces aromatic nitro-compounds in alcoholic solution to the 
corresponding azoxy-compound in high yield, the thallium being oxidised to thallous 
ethoxide : 

2Ar-NO, + 6T1 + 6EtOH = Ar-N:NO-Ar + 6TIOEt + 3H,O . . (1) 

The reaction takes place at room temperature and requires about 28 days; if finely 
divided thallium is used, about 14 days are required for reduction; from m-dinitrobenzene, 
3: 3’-dinitroazoxybenzene was obtained by using thallium amalgam. Refluxing the 
reaction mixtures caused considerable tar formation. 

In the presence of a small quantity of thallous ethoxide, an alcoholic solution of nitro- 
benzene oxidises aromatic acyloins to «-diketones in yields of 80-90%. Probably the 
thallous ethoxide is reduced to thallium by the acyloin (McHatton and Soulal, J., 1952, 
2771) which yields the diketone : 

Ar-CO-CHAr-OH + 2TIOEt = (Ar-CO), + 2Tl 4+ 2EtOH 
and this is followed by reaction (1). The ultimate fate of the thallium is indicated by the 
isolation of the thallous salt of the aryl-carboxylic acid corresponding to the diketone 
formed : the formation of this salt is possibly due to the formation of an unstable adduct 
between the diketone and thallous ethoxide, which in its decomposition yields the salt 
and other products (cf. the reaction between benzil and sodium ethoxide; Lachman, J. 
Amer. Chem. Soc., 1923, 45, 1509) : 

(Ar-CO), + TIOEt = Ar-CO-CAr(OT1)(OEt) —» Ar-CO,T]1 

Reaction between thallous ethoxide and benzil yielded an unstable adduct which could 
not be analysed; the products of its decomposition contained thallous benzoate. With 
anisil and furil the adducts were very much more unstable and could not be isolated, 
thallous anisate or furoate being formed instantly. 

Nitroalkanes are not reduced to azoxy-compounds by thallium, but after one month’s 
contact with thallium foil an alcoholic solution of nitroethane gave a precipitate of thallous 
nitrite, the solution yielding acetaldehyde on distillation, and the residue from this dis- 
tillation on hydrolysis gave a further quantity of acetaldehyde. That the same products 
can be obtained more rapidly by reaction between an alcoholic solution of nitroethane and 
thallous ethylnitronate, suggests that the initial stage of the thallium—nitroethane reaction 
is the formation of thallous ethoxide by extraneous air, this then reacting with the nitro- 
ethane to give thallous ethylnitronate, which eliminates thallous nitrite with a further 
molecule of nitroethane to yield ethyl ethylnitronate : 

Me-CH:NO-OTI + EtNO, = Me-CH:NO-OEt + TINO, 


* Part I, J., 1952, 2771. 
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This nitronic ester on distillation yields acetaldehyde and acetaldoxime, in an analogous 
way to that in which methylnitronates yield formaldehyde on heating (Arndt and Rose, 
J., 1935, 1). Nitromethane and 1-nitropropane reacted similarly. 


EXPERIMENTAL 

Reduction of Aromatic Nitro-compounds.—A mixture of thallium foil (0-6 g.-atom), the 
nitro-compound (0-2 mole), and absolute ethanol (100 ml.) was left in a warm place for 28 days. 
The thallium in solution was then precipitated by ethanolic potassium iodide. The azoxy- 
compound crystallised. 

Finely divided thallium was prepared by the reduction of thallous ethoxide with benzoin 
in ethereal solution. As it is pyrophoric it must be stored and handled under an inert solvent. 
When this was used as a reducing agent the reaction was allowed to proceed for 14 days. 

For the reduction of m-dinitrobenzene, a 10% thallium amalgam (100 g.) was added to a 
solution of the nitro-compound (2-0 g.) in ethanol (75 ml.). The surface of the amalgam 
instantly became red, and solid commenced to separate; after 4 days the crude azoxy-compound 
was filtered off and recrystallised from formic acid. The yield of pure 3: 3’-dinitroazoxy- 
benzene, m. p. 143° (lit., 143°), was 0-8 g. Results are tabulated. 


Azoxy-com- Azoxy-com- Azoxy-com- 
Nitro-compound pound (%) Nitro-compound pound (%) Nitro-compound pound (%) 
Nitrobenzene ...... 84 o-Nitroanisole ...... 41 4-Nitro-o-xylene® ... 45 
o-Nitrotoluene...... 62 p-Nitroanisole ...... 50 m-Dinitrobenzene ... 12 
m-Nitrotoluene ... 57 2-Nitrodiphenyl ... 81 m-Dinitrobenzene ? 52 
p-Nitrotoluene ... 80 Nitro-p-xylene ¢ 47 


* In contact with finely divided thallium for 14 days. 
* In contact with thallium amalgam for 4 days. 


Catalysed Oxidation of the Benzoins.—To a mixture of the benzoin (0-03 mole) and nitro- 
benzene (0-02 mole) in absolute ethanol (100 ml.) was added a saturated solution of thallous 
ethoxide in ethanol (1 ml., containing approx. 0-1 g. of ethoxide). After 24 hr. the precipitated 
thallous salt was filtered off (only obtained from benzoin, anisoin, and furoin), and any thallium 
in solution was precipitated by ethanolic potassium iodide; the «-diketone then crystallised. 
Results were : 


Benzoin a-Diketone (%) Benzoin a-Diketone (%) 
BRIE « Sccrinn acivedbeqecadinascansuneyin 90 MINER - nn Sa thtusas anu umnise<eanaketuais 83 
MR, se skaiche ad oraneh sbe exe ab ceek son 90 Ph:CH(OH)-CO’C,H,0O _.......0.6 89 
ROTM bs cenndbe vig nce evennnidence quien 95 p-MeO-C,HyCO-CHPh-OH ......... 69 
6: 6’-Dinitropiperoin —............... 75 p-MeO-C,H,CO-CH(OH)-C,H,Cl-p 88 
2: 2’-Dichlorobenzoin ............... 50 


Reaction of Thallous Ethoxide with «-Diketones.—Addition of a solution of thallous ethoxide 
(2-5 g.) in benzene to benzil (2-1 g.) in ether gave a pale yellow precipitate which within 30 sec. 
decomposed to a grey solid, composed of thallous benzoate with some benzil; the solution 
contained ethyl benzoate. 

With anisoin or furoin in ether, addition of thallous ethoxide in benzene gave a precipitate 
of thallous anisate or furoate, with no preliminary separation of the adduct. 

Reaction of Thallium with Nitro-paraffins —Nitroethane. After a mixture of thallium foil 
(11 g.), nitroethane (15 g.), and absolute ethanol (30 ml.) had been kept in a warm place for 
2 months, all the thallium had gone into solution and thallous nitrite (13-3 g.) had separated. 
The supernatant liquid gave a negative test for free acetaldehyde (2 : 4-dinitrophenylhydrazine), 
but on distillation its presence in the distillate was proved by the preparation of its 2 : 4-dinitro- 
phenylhydrazone (m. p. and mixed m. p. 168°). The residue from the distillation on hydrolysis 
with dilute sulphuric acid gave a further quantity of acetaldehyde. 

Thallous ethylnitronate was prepared by the addition of nitroethane to thallous ethoxide 
in benzene, recrystallisation of the precipitated derivative from ethanol, giving lemon-yellow 
plates, m. p. 83° (lit., 82°; Gilman and Abbott, J. Amer. Chem. Soc., 1949, 71, 659). The 
pre-formed thallous ethylnitronate (1-72 g.) reacted with nitroethane (0-84 g.) in ethanol 
(20 ml.), within one month to give thallous nitrite (1-50 g.), the mother-liquor behaving as in 
the previous experiment. 

1-Nitropropane. Thallium foil (3-0 g.), 1-nitropropane (4-0 g.), and ethanol (25 ml.) yielded, 
after 12 months, thallous nitrite (0-9 g.). 

Thallous n-propylnitronate was prepared, by the addition of 1l-nitropropane to thallous 
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ethoxide in benzene, and recrystallisation of the precipitated deriyative from ethanol, as yellow 
plates, m. p. 110° (Found: TI, 69-8. C,H,O,NTI requires Tl, 69-994). A mixture of this 
derivative (1-095 g.) and l-nitropropane (0-574 g.) in ethanol (40 ml.), after 1 month yielded 
thallous nitrite (0-056 g.). The mother-liquor reacted analogcusly to that from nitroethane, 
to give propaldehyde. 

Nitromethane. Reaction of thallium foil (10 g.) with nitromethane (5 g.) in ethanol (10 ml.) 
was so slow that after 4 months only 0-11 g. of thallous nitrite had been produced. Distillation 
of the mother-liquor into 2 : 4-dinitrophenylhydrazine reagent gave a trace of precipitate, too 
small for characterisation. On hydrolysis and distillation, a trace of formaldehyde was obtained 
and characterised as the 2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 166°. 

Thallous Nitrite —This was produced in the above reactions as salmon-pink to orange needles. 
It was purified by dissolution in water and precipitation with ethanol, to give pale pink needles 
m. p. 183—184° (Found: Tl, 81-6; N, 5-9. Calc. for TlIO,N: Tl, 81-7; N, 5-6%). 

In aqueous solution it reacts with thiourea to give a complex TI(CS(NH,)4],NO, (cf. Rosen- 
heim and Lowenstamm, Z. anorg. Chem., 1903, 34, 72) as colourless needles (from hot water) 
which darken at 150° and decompose at 180° (Found: S, 22-9; Tl, 36:8. C,H,,0O,N,S,T1 
requires S, 23-1; Tl, 36-8%). 


We thank the Chemical Society for a grant from the Research Fund, and the D.S.I.R. for 
a maintenance grant to one of us (M. J. S.). 
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833. Properties of Ion-exchange Resins in Relation to Their Structure. 
Part VI.* Anion-exchange Resins derived from Styrene—Divinyl- 
benzene Copolymers. 

By K. W. Pepper, H. M. Patstey, and M. A. Youna. 


Anion-exchange resins have been prepared from styrene—divinylbenzene 
copolymers by a route which involves chloromethylation of the copolymer 
and subsequent treatment with amines. Experiments on the chloromethyl- 
ation of soluble polystyrene, chloromethyl methyl ether being used with stannic 
chloride as catalyst, showed that a side-reaction giving insoluble, cross- 
linked products may occur when monochloromethylation is approached. If 
styrene—divinylbenzene copolymers are pre-swollen in the ether, the rate of 
chloromethylation is largely independent of the particle size or the degree 
of cross-linking of the copolymer (from 2 to 74% divinylbenzene content). 

Trimethylamine reacts with chloromethylated copolymers to give resins 
containing the strongly basic, quaternary ammonium grouping. With 
certain copolymers, each chloromethyl group reacts quantitatively with 1 
molecule of amine, the products being monofunctional. Dimethylamine 
behaves similarly, forming monofunctional resins which contain weakly basic, 
tertiary amine groups. Ethylenediamine and monomethylamine give weakly 
basic resins of less definite structure. For all these resins, the observed 
exchange capacities agreed with the values calculated from the nitrogen 
contents. 

The swelling of the chloride form of weakly basic resins is greater than 
that of the free base; with strongly basic resins, the reverse is true. At fixed 
cross-linking, the swelling of strongly basic resins (chloride form) increases 
with increasing exchange capacity; moreover, the proportion of water 
absorbed increases up to a fractional substitution of about 0-5 quaternary 
ammonium group per benzene ring. 


A CONVENIENT method for the preparation of anion-exchange resins from styrene-divinyl- 

benzene copolymers has been discovered independently by the Rohm and Haas Co. (B.P. 

654,706), by the Dow Chemical Co. (B.P. 662,314, 677,350, 679,850—3) and, in these 

laboratories, by Hawdon, Linstead, and Thomas (B.P. Appln. 7732/50). The method 
* Part V, J., 1953, 844. 
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involves two steps: (1) Introduction of chloromethyl groups as substituents for aromatic 
nuclei in the styrene-divinylbenzene copolymer, by treatment of the copolymer with, 
for example, chloromethyl methyl ether in presence of a Friedel-Crafts catalyst : RH + 
CH,Cl‘-OMe —» R-CH,Cl -+- MeOH (R represents the styrene-divinylbenzene residue). 
(2) Introduction of basic groups into the copolymer by treatment of the chloromethylated 
intermediate with ammonia or amines. This route has many advantages over earlier 
methods for the preparation of anion-exchange resins. In particular, the chloromethylated 
intermediate may be treated with different amines to give a series of resins possessing a 
common polymeric structure, but different functional groups. Tertiary amines 
form the strongly basic, quaternary ammonium grouping, e¢.g., R*CH,Cl + NMe, —» 
R-CH,*N‘ Me,}Cl-, whilst ammonia and primary or secondary amines give weakly basic 
groups, ¢.g., R*CH,Cl +- NHMe, —» R-CH,’NMe, + HCl. Hence an opportunity is 
provided for studies of the effect of the nature of the functional group on anion-exchange 
behaviour. Alternatively, anion-exchange resins possessing different degrees of cross- 
linking may be prepared by varying the divinylbenzene content of the original styrene— 
divinylbenzene copolymer and subsequent treatment of the chloromethylated products 
with the same amine. A series of this type would be of value for comparison with the 
sulphonated polystyrenes of different degrees of cross-linking previously examined (Part V, 
J., 1953, 844). 

The exchange capacity of the final product is ultimately controlled by the extent of 
chloromethylation. The chloromethylation reaction is, however, subject to complications 
which are not encountered, to any extent, in the corresponding sulphonation reaction. 
In an investigation of the chloromethylation of simple aromatic compounds, Vavon, 
Bolle, and Calin (Bull. Soc. chim., 1939, 6, 1025) showed that a secondary reaction may 
take place between a chloromethyl group attached to one benzene ring and another aromatic 
nucleus, R°CH,Cl +- RH —» R:CH,°R +4- HCl. In polymeric systems, an intermolecular 
reaction of this type would give rise to cross-linking, which, being difficult to control and 
to estimate, would be a serious disadvantage. Moreover, in the event of a secondary 
reaction, the chlorine content of a product is not, by itself, a sufficient criterion of the 
extent of reaction. Vavon et al. also observed that the reaction may proceed beyond 
monochloromethylation, albeit slowly. 

In this work, the chloromethylation of soluble polystyrene was first investigated in an 
attempt to find conditions under which the secondary reaction—giving insoluble, cross- 
linked products—might be avoided. The chloromethylation of styrene-divinylbenzene 
copolymers, of different degrees of cross-linking and of different particle diameters, was 
thenexamined. Bead polymers were treated with chloromethyl] methyl ether in presence of 
stannic chloride as catalyst, either under reflux (58°) or at 25°. The preparation of various 
basic resins from the chloromethylated intermediates and certain of their properties have 
also been studied. 

Chloromethylation 

Polystyrene.—When free from cross-linking, polystyrene and its chloromethylated derivative 
are readily soluble in chloromethyl methyl ether, benzene, and other solvents. Hence in the chloro- 
methylation of polystyrene, the onset of gelling or the formation of an insoluble product indicates 
cross-linking. Results obtained with 0-12 mole of stannic chloride to 1 mole of polymer are 
shown in Fig. 1, where the broken line indicates the chlorine content of monochloromethylated 
polystyrene (23-39). With the more dilute solutions (164 moles of ether to 1 mole of polymer), 
it will be seen that, at 58°, 50°, and 45° (curves I, 2, and 3), all products containing less than 
about 22% of chlorine were soluble, the only insoluble product being the last sample of the run 
at 58° (Cl, 22-89%). Results obtained at 25° with the same molecular proportions were : 


preection tire (Gays) is..i ces seissc essed 1 7 14 21 
SREY rucuticpbere duckies en cards xxtty seams. 17°3 20-4 21-9 22-0 
NUNS © Sdundks dutta beeiin bas taceanaeeadors Soluble Soluble Soluble Insoluble 


The run at 45° (Fig. 1, curve 4), with double the concentration of polymer (8} moles of the 
ether to 1 mole of polymer), closely followed that for the more dilute solution (curve 3) except 
that, in this case, the last sample was insoluble. This result agrees with Jones's findings (Ind. 
Eng. Chem., 1952, 44, 2686), that increased concentration favours the onset of cross-linking. 
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With the addition of a poor solvent, light petroleum (curve 5), insoluble products were formed 
at very low chlorine contents. 

It appears from these results that the secondary cross-linking reaction must be expected 
when monochloromethylation is closely approached—at least with stannic chloride as catalyst. 
No advantage can be gained by reducing the reaction temperature to 25°. In absence of poor 
solvents, the risk of cross-linking may not be great with products containing less than about 
20% of Cl, corresponding to a fractional substitution of about 0-8 chloromethyl group per 
benzene ring. 

In applying these conclusions to the chloromethylation of styrene—divinylbenzene copolymers, 
it must be borne in mind that the effective concentration of copolymer in chloromethyl methyl 
ether will probably be determined by the amount of ether absorbed by the fully swollen copoly- 
mer. This would result in high effective concentrations, e.g., a fully swollen 2% divinyl- 
benzene copolymer contains about 24 moles of ether to 1 mole of copolymer. Secondly, Jones 
(loc. cit.) has shown that the occurrence of cross-linking is favoured by an increase in the 
molecular weight of the polystyrene. Both of these considerations suggest that the secondary 
reaction is more likely to occur with cross-linked polymers than with linear polymers. 

Styrene—Divinylbenzene Copolymers.—Chloromethylation of cross-linked polystyrene follows 
a course similar to that of soluble polystyrene; after an initially rapid reaction, curves relating 


25 


Fic. 1. Chloromethylation of polystyrene. 


Product Product 
soluble insoluble 
58°) 163 Moles of chloro- © @ 
methyl methylether : 
1 mole of polymer 
45° 8} Moles of chloro- a 
methyl methyl ether : 
1 mole of polymer 
5. 50° 8} Moles of chloro- © @ 
methyl methyl ether : 
1 mole of polymer: 
4 moles of light 
petroleum 


wo tor 
a 


Chlorine content of product (%) 


{ ! ! 


QPF 


4 
Hours 


chlorine content and reaction time tend to level off as monochloromethylation is approached. 
With prolonged reaction, however, chlorine contents greater than that corresponding to mono- 
substitution are obtained. This fact, together with the risk that prolonged reaction may give 
rise to additional cross-linking, constitutes a potential difficulty in the use of this route for the 
preparation of well-defined anion-exchange resins. One of the objectives of this research was 
to prepare resins of different degrees of cross-linking but possessing the same exchange capacity ; 
it was essential that the capacity should be independent of particle size. With the analogous 
series of sulphonated cross-linked polystyrenes, these objectives were readily attained, since, 
with the conditions used, sulphonation proceeds no further than monosubstitution. Hence, 
whatever the degree of cross-linking (up to 25° of divinylbenzene) or the particle size of a 
copolymer, it was merely necessary to allow a sufficient reaction period in order to prepare 
uniform, monosulphonic acids (Pepper, J. Appl. Chem., 1951, 1, 124). For the reasons given 
above, this simple procedure cannot be adopted with chloromethylation, and hence it became 
desirable to examine the influence of particle size and degree of cross-linking on the rate of 
chloromethylation. 

Chloromethy] methy] ether is a good swelling agent for styrene—divinylbenzene copolymers, the 
beads as normally used (dried overnight at 50°) being fully swollen in less than an hour at room 
temperature or in a few minutes at reflux temperature. Experiments showed that, in absence 
of catalyst, the ether reacts to a negligible extent with the copolymer. Diffusion of ether, as 
a rate-controlling process, can thus be avoided by pre-swelling the beads before addition of 
catalyst. Equal weights of fractions of two sizes (50—100 » and 150—200 yw) of a 2% divinyl- 
benzene copolymer were mixed and swollen in chloromethyl methyl ether. Stannic chloride, 


4100 Pepper, Paisley, and Young: Properties of Ion-exchange 


dissolved in the rest of the ether, was then added to give the proportions 1 mole of copolymer : 
8-25 moles of ether : 0-12 mole of stannic chloride. Two separate experiments gave the following 
values for the chlorine content in different sized fractions of the product : 


30 Min. at 25 1 Hr. at 25° 
P article diameter (H) Stash ieebeeuadasscecssanee’ Sea <150 > 150 <150 


In each éesiiliiid the weight-swellings in toluene of the different fractions were the same 
(1-93 and 1-91 g. of toluene per g. of copolymer after 30 min. and | hr. respectively at 25°). 

In further experiments with 2% and 7}$% divinylbenzene copolymers, where the time 
required for the beads to become fully swollen was small in comparison with the reaction time, 
pre-swelling was not used; the full amount of chloromethyl methyl ether together with catalyst 
was added at once. 

2% D.V.B. copolymer 
6 Hr. at 25° 


A. a 


" pneege - _T Bs en, 
I article diameter * (u) Pica pinay acspdidlos baeeias on Se 150—125 125—100 100—40 
Cl, Sneed ee ote sab mavinsaeea Men hk RS aan EEAOs 13-9 14-0 14-2 14-2 
74% D.V.B. copolymer 
24 Hr. at 25° 30 Min. at reflux temp. 
Particle RMIT MRD © Sasa osieass con tssacepes -150 <150 > 250 250—125 <125 
Cea utiskeuneakebsepiaasaticesnccedeunsehneboonss 16-0 15-5 18-1 17:8 18-0 
W eighi. swelling (s. of toluene — & of 
copolymer) .... ae 0-45 0-47 0-33 0-35 0-36 


The above scactattiieate: taken together, cover the chloromethylation reaction from a 
fractional substitution of 0-2 to 0-7 chloromethyl group per benzene ring. With an experi- 
mental error of +0-2% of Cl, there is little evidence of an increase in chlorine content with 
decreasing particle diameter. Moreover, there is no evidence of a decrease in weight-swelling, 
which might arise from additional cross-linking produced by the secondary reaction. It appears, 
therefore, that with the above conditions the rate of chloromethylation is controlled by the 
chemical reaction itself and not by a diffusion process, and hence it becomes possible to chloro- 
methylate uniformly copolymer beads of differing particle diameters. It seems that, whatever 
the degree of substitution, the chloromethyl groups must be distributed in a more or less random 
fashion throughout the copolymer beads. Thus by chloromethylating samples of copolymer 
to different extents, it becomes possible to prepare a series of anion-exchange resins of varying 
capacity in which the functional groups are distributed randomly. 

It may be emphasised that the copolymer beads as used above, 2.e., after drying at 50° 
overnight, contain about 2—4% of monomers which escaped reaction. Diffusion of chloro- 
methyl methyl ether into the beads is apparently facilitated by this small amount of monomer, 
since, after removal of monomer, by steam-distillation and heating im vacuo, the beads are only 
slowly swollen. Ifmonomer-free beads are treated for short periods with chloromethyl methyl ether 
and catalyst together, the chloromethylation reaction is largely confined to the surface layers. 

Chloromethylation of copolymers of different divinylbenzene content (particle diameter, 
100—250 u) was examined at 25° and under reflux, the molecular proportions stated above 
being used. For the experiments under reflux, the beads were swollen at room temperature 
in chlorodimethyl ether alone before addition of catalyst; at 25°, no pre-swelling was used. 
The Tables give the chlorine content in the products. 


Hr. at 25° Min. at reflux (58°) 
_ poesegin = sate <— Bae Sie Tg 2 gillian une —" 
D.V.B., % 5 48 168 336 DVB. % 10 60 180 
2 12-0 16-3 18-4 21-3 2 15-0 19-5 24-0 
4} 12-6 16-1 18-0 19-4 44 13-0 19-5 23-0 
74 12-5 18-5 19-5 


The reproducibility of separate experiments at reflux temperatures, under nominally 
identical conditions, was not good, the variation in chlorine content of the products being about 
+1%. The above results are mean values from several experiments. It appears that the 
divinylbenzene content of the copolymer has little influence on the rate of chloromethylation, 
although the effective concentration of copolymer in chloromethyl methyl ether must increase with 
increasing cross-linking. This conclusion is in accord with the observation that the rate of 
chloromethylation of soluble polystyrene is unaffected by a two-fold increase in polymer con- 
centration (Fig. 1, curves 3 and 4). 
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The swelling of styrene-divinylbenzene copolymers affords a sensitive measure of the degree 
of cross-linking, particularly at low divinylbenzene contents (Pepper, Joc. cit.). Fig. 2, curves 1 
and 2, show the weight-swelling (g. of toluene absorbed per g. of copolymer) plotted against 
fractional substitution (number of chloromethyl groups per benzene ring), for chloromethylated 
copolymers containing 2% and 44% of divinylbenzene respectively. Curves 3 and 4 give the 
molar swellings, 1.e., g. of toluene absorbed per mole (corresponding to one benzene ring). Up 
to a fractional substitution of about 0-75 (Cl ~19%,), the molar swellings are almost constant. 
This suggests that introduction of chloromethyl groups does not affect the amount of toluene 
absorbed per benzene ring. Presumably, the unsubstituted styrene-divinylbenzene matrix 
is fully extended when swollen in the good solvent toluene, and there is no change in cross- 
linking. The marked decrease in molar swelling at higher fractional substitution may be due 
to additional cross-linking produced during chloromethylation. 


A mination of chloromethylated copolymers 
Strongly Basic Resins.—Trimethylamine reacts with chloromethylated styrene—divinyl- 
benzene copolymers, giving products which contain quaternary ammonium groups and behave, 
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Fic. 2. Swelling of chloromethylated 
copolymers. 
Prepared at 0 ; at 25° x; at 58°O. 
1. Weight swelling (g. of toluene per g 
of copolymer): 2% divinylbenzene. 
2. Weight swelling (g. of toluene per g. 
of copolymer): 44% divinylbenzene. 
3. Molar swelling (g. of toluene per mole 
of copolymer): 2% divinylbenzene. 
4. Molar swelling (g. of toluene per mole 
of copolymer): 44% divinylbenzene. 
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therefore, as strongly basic anion-exchange resins. The properties of commercial materials 
of this type have been described by Wheaton and Bauman (Ind. Eng. Chem., 1951, 43, 1088). 
The chloromethylated copolymer should be swollen in a suitable solvent, e.g., dioxan, butanone, 
tetrahydrofuran, or benzene, but, otherwise, conditions for the quaternisation reaction do not 
appear to be critical. The swollen copolymer may be shaken with an excess of anhydrous 
amine at 0°, or with an aqueous solution at room temperature. 

The Table below gives the nitrogen content and exchange capacities of the dry, chloride 
forms of products obtained by treating a series of chloromethylated copolymers (2% of divinyl- 
benzene) with trimethylamine. The chlorine contents of the intermediates are given in 


parentheses. 
Fractional N, %, X10/14 Exchange capacity (mg.-equiv./g.) 
substitution N, % (Found) (mg.-equiv. /g.) Calc. Found 
0-26 ( 8-0%) 2-84 2-02 2-00 2-00 
0-35 (10-2%) 3-40 2-43 2-45 2-45 
0-42 (12-0°%) 3-90 2-78 2-80 2-75 
0-62 (16-3%) 5-05 3-60 3-60 3-60 
0-73 (18-4°,) 5°65 4-03 3-95 4-00 


It was shown that the free-base forms of the resins contained no chlorine, proving that all 
chloromethyl groups had reacted. The experimental determination of exchange capacities 
involved the displacement of chloride ion by nitrate in neutral solution; under these conditions, 
any weakly basic groups present would exhibit negligible capacity. Values for the exchange 
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capacity in the column headed “‘ Calc.’’ were calculated from the chlorine contents of the 
corresponding chloromethylated intermediates on the assumption that one molecule of amine 
reacts with one chloromethyl group. The agreement between these calculated values and the 
capacities found is well within experimental error (+1%). It will be seen also that the observed 
capacities agree closely with the values calculated from the nitrogen content (column headed 
“N, %, *10/14’’). It may be concluded that, with 2% divinylbenzene copolymers of 
fractional substitution within the range 0-26—0-73, all the chloromethyl groups are quantit- 
atively converted into quaternary ammonium groups, giving monofunctional resins. 

This last conclusion cannot, however, be generally applied. With intermediates of higher 
fractional substitution (0-9 or greater), the observed exchange capacity appears to be some 
10% lower than the calculated value. 

Weakly Basic Resins.—Anion-exchange resins containing weakly basic groups are obtained 
by treating chloromethylated copolymers with primary or secondary amines. The next Table 
gives the nitrogen content and exchange capacities of the dry free-base forms of products 
formed by the reaction of dimethylamine with chloromethylated intermediates of 2, 43, and 
74% divinylbenzene. Chlorine contents of the intermediates are in parentheses. 


N, %, 10/14 Total exchange capacity (mg.-equiv./g.) 


N, % (Found) (mg.-equiv./g.) Calc. Found 
2% D.V.B. (19:0%) _ ... 715 5:12 5:10 5-10 
44% D.V.B. (182%) ... 6-70 4-80 4-90 4-80 
74% D.V.B. (168%) ... 6-30 4:50 4:55 4-45 


The free-base forms contained negligible chlorine (2%, nil; 4$%, 0-059; 74%, 0-15%% Cl), 
showing that dimethylamine had reacted with virtually all the chloromethyl groups. 

The absorption of chloride ion by the free-base forms of the resins was measured from 
hydrochloric acid solutions of different pH, in presence of potassium chloride. No uptake of 
chloride ion was observed at pH values greater than 7, proving that the resins contain no 
strongly basic groups. Below pH 3, a constant value was obtained irrespective of the pH or 
the concentration of salt. Hence in acidic solutions, as used for the determination of the 
exchange capacities given in the table above, a well-defined ‘‘ total’’ capacity is obtained. 
These experimental values agree closely with those calculated from the nitrogen content 
(N, %, 10/14). Capacities were derived also from the chlorine contents of the intermediates, 
it being assumed that one molecule of dimethylamine reacts with one chloromethyl] group. 
The agreement is, again, very good, and there can be no doubt that all the chloromethyl groups 
had reacted quantitatively with dimethylamine, forming tertiary amino-groupings; the latter 
do not react with other chloromethyl groups to form quaternary ammonium groupings. 
Quantitative conversion has not been effected, however, when the fractional substitution of 
the intermediate approaches 1-0. 

Whilst dimethylamine gives monofunctional resins, ethylenediamine and monomethylamine 
yield products possessing a less definite structure. The dry free-base forms of the products 
obtained from intermediates containing 2% of divinylbenzene gave the following results. 


Total exchange capacity (mg.-equiv./g.) 


; Calc. 
N, %, X10/14 Pas a art 
N, % (Found) (mg.-equiv./g.) (a) (b) Found 
Ethylenediamine ... 16-4 7-45 9-85 5-80 7-50 
Monomethylamine ... 6-0 4-28 6-30 3°50 4-20 


For the ethylenediamine resin, theoretical values of the total exchange capacity were 
calculated from the chlorine content of the intermediate (19-8%) on the assumption that one 
molecule of diamine reacts with (a) one chloromethyl group to give R°CH,*NH°CH,°CH,"NH, 
or (b) two chloromethyl groups. giving either R*CH,-NH°CH,°CH,*NH°CH,R or 
(R*CH,),.N*CH,*CH,*NH,. The observed capacity, which agrees with the value derived from 
the nitrogen content, is intermediate between the two calculated values. The resin (in the 
free-base form) contained no chlorine, and therefore the low observed capacity cannot be due 
to incomplete reaction. It appears that ethylenediamine reacts in part with one chloromethyl 
group and in part with two or more groups, giving resins which contain primary, secondary, 
and possibly tertiary amino-groupings. Reaction with chloromethyl groups attached to different 
polymer chains would give additional cross-linking. The uptake of chloride ion by this resin 
from solutions of different pH has been determined by Dr. N. E. Topp, using the methods 
described by Topp and Pepper (J., 1949, 3299). In Fig. 3, [Cl-], i.e., the number of mg.- 
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equivs. of chloride taken up per g. of dry resin, is plotted against log,, (Cl)/[OH}, #.e., the 
logarithm of the ratio of the chloride- and hydroxyl-ion concentrations in solution. The results 
show that the resin contains no quarternary ammonium groups, since such groups would be 
expected to take up appreciable chloride ion even at values of (Cl]/[OH]} as low as unity. The 
different weakly basic groups known to be present are not revealed separately as inflexions in 
the curve, and hence, this product behaves as a pseudo-monofunctional resin. 

The results obtained by treating a chloromethylated copolymer (Cl, 21-6%) with mono- 
methylamine indicate that this amine reacts, in part, with one chloromethyl group, giving a 
secondary amino-group, and, in part, with two chloromethyl groups, giving a tertiary amine. 

Swelling of Basic Resins.—The weight-swellings of the chloride and free-base forms of anion- 
exchange resins derived from styrene—divinylbenzene copolymers have been measured by the 
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centrifuge technique (Pepper, Reichenberg, and Hale, J., 1952, 3129). Determinations on the 
chloride form of the weakly basic resins were made in contact with 0-01N-hydrochloric acid, 
in order to ensure that the resin remained completely in the chloride form. With water, some 
conversion into the free-base form might occur. All other measurements were made in contact 


with water. 


Exchange capacity Swelling 
(mg.-equiv./g. of dry resin) (g. of H,O/mg.-equiv.) 
Chloride Free base Chloride Free base 
Weakly basic resins 
2% D.B.V. 4-30 5-10 0-54 0-104 
44% D.V.B.>DM 4-10 4-80 0-23 0-067 
74% D.V.B. 3°85 4-45 0-15 0-055 
2% D.V.B. ED 5-90 7-50 0-21 0-10 
2% D.V.B. MM 3°65 4-20 0-25 0-055 
Strongly basic resins 
2% D.V.B. 3-95 4-25 0-70 1-01 
74°, D.V.BSTM 3-50 3-75 0-19 0-32 


DM = Dimethylamine; ED = ethylenediamine; MM = monomethylamine; TM = trimethyl- 
amine. 


With the weakly basic resins, the swelling of the free-base forms is less than that of the 
chlorides, whilst, with the strongly basic resins, the reverse is true. This difference in behaviour 
can be related to the different extents of ionisation of the basic groups, the ionised forms being 
much more hydrated than the non-ionised group. With the weakly basic resins, the chloride 
form is probably fully ionised but the free base is largely non-ionised and, therefore, possesses 
low swelling. Both forms of the strong base resins are fully ionised, the higher swelling of the 
free base being probably due to the higher hydration of the hydroxyl anion. At the same 
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divinylbenzene content, the chloride forms of the dimethylamine and trimethylamine resins 
possess roughly the same swelling, the values being in reasonable agreement with those for the 
corresponding sulphonated cross-linked polystyrenes (2% D.V.B., 0:7; 74% D.V.B., 0-2 g. 
of water per mg.-equiv.). The swelling of both forms of these resins decreases with increasing 
cross-linking. 

The monomethylamine resin made from a copolymer containing 2% of divinylbenzene 
possesses lower swelling, in both the chloride and the free-base form, than the dimethylamine 
resin of the same divinylbenzene content. The values obtained agree fairly closely with those 
for a dimethylamine resin containing 44% of divinylbenzene. This reduction in swelling is 
undoubtedly due to additional cross-linking produced by the reaction of monomethylamine with 
chloromethyl groups attached to different polymer chains, as described in the previous section. 
The reduced swelling of the chloride form of the ethylenediamine resin, considered in conjunction 
with the analytical data, suggests that additional cross-linking was produced during this 
amination reaction, but if this is true the swelling of the free base form is anomalously high. 
In practical operations where a weakly basic resin is required, the relatively small difference 
in swelling between the chloride and the free-base form of the ethylenediamine resin would be 
an advantage; moreover, this resin has a high exchange-capacity. 

Fig. 4 gives the swellings of the chloride forms of a series of strongly basic resins (2% of 
divinylbenzene) possessing exchange capacities varying from 2-0 to 4-0 mg.-equivs. per g. As 
expected, the swelling expressed as the number of g. of water per g. of dry resin (curve 1) 
increases with increasing fractional substitution (or increasing exchange capacity). Rather 
surprisingly, the amount of water absorbed per mg.-equiv. (curve 2) also increases with increasing 
fractional substitution up to about 0-5 quaternary ammonium group per benzene ring and 
then apparently levels off. The behaviour at even higher fractional substitutions would be of 
considerable interest. The exchange capacity when referred to the apparent volume of swollen 
resin (as used in a column) decreases from 0-75 to 0-65 mg.-equiv. per ml. of apparent volume, 
as the fractional substitution increases from 0-26 to 0-73. 


EXPERIMENTAL 


Suspension Polymerisation of Styrene and Styrene—Divinylbenzene Mixtures.—Redistilled 
styrene (75 ml.) containing recrystallised benzoyl peroxide (0-75 g.) was added to 400 ml. of 
an aqueous solution of ‘‘ Promulsin,’’ a cellulosic derivative manufactured by Watford Chemical 
Co. (The concentration of ‘‘ Promulsin ’’ was 3}—-44$%, depending on its grade.) The mixture 
was shaken mechanically for 1 hr. to disperse the monomer, and was then heated at 80° for 18 hr. 
in a water-thermostat. Hydrolysis of ‘‘ Promulsin’’ was effected with 2N-sulphuric acid at 
60°, and the resulting polymer beads (50—250 py particle diameter) were filtered off, washed, 
and dried at 50° overnight. The number-average molecular weight of the polymer, determined 
osmometrically in benzene by Mr. R. Townsend (Hookway and Townsend, /., 1952, 3190, 
4390), was 24,000. 

Divinylbenzene was obtained from the Dow Chemical Co. in the form of a solution containing 
approx. 50% of divinylbenzenes (mainly m-) and 50% of ethylstyrenes. For the copolmer of 
2% nominal divinylbenzene content, redistilled divinylbenzene solution (20 ml.) was made up 
to 500 ml. with redistilled styrene, benzoyl peroxide (5 g.) was added, and the mixture poly- 
merised in 7 batches as above. The weight-swellings of the copolymers were: 2% D.V.B., 
2:10; 44% D.V.B., 1:15; 74% D.V.B., 0-78 g. of toluene per g. of copolymer (dried at 110° 
in vacuo for 65 hr.). 

Chloromethyl Methyl Ether —Hydrogen chloride was passed through a well-stirred slurry of 
paraformaldehyde (600 g.) in methanol (500 ml.) at <5°. The system tended to form a gel] and, 
at this stage, vigorous stirring and a rapid flow of hydrogen chloride were essential. The flow 
of hydrogen chloride was stopped when nearly all the paraformaldehyde had dissolved. The 
product was purified as described in ‘‘ Organic Reactions,’’ John Wiley and Sons, Inc., New 
York, 1942, Vol. I, p. 68. The ether was distilled three times; the fraction collected had b. p. 
58—60° (mainly 59—59-5°), d? 1-064, n® 1-3940. Since chloromethyl methy] ether is toxic (Jones, 
loc. cit.) and hydrolyses in moist air, it was transferred directly, through all-glass apparatus, 
either to the reaction vessel or to an automatic pipette fitted with a silica gel guard-tube. 

Chloromethylation of Polystyrene.—Chloromethyl methyl ether (30 ml., 0-395 mole) was added, 
with stirring, to polystyrene (5 g., 0-048 mole) in a flask which was immersed in a water- 
thermostat at the required temperature. The polymer beads dissolved rapidly and then a 
further 30 ml. of the ether containing 1-52 g. (0-0058 mole) of anhydrous stannic chloride 
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(B.D.H.) were added. Samples of the reaction mixture were withdrawn and precipitated by 
pouring into stirred methanol. The product was washed with methanol, dried, and analysed 
for chlorine. 

Chloromethylation of Copolymers.—-In a typical experiment under reflux, the ether (200 ml.) 
was added to copolymer beads (50 g.), which were allowed to swell at room temperature for 
an hour and then warmed while being stirred. On addition of 100 ml. of the ether containing 
15-2 g. of stannic chloride, the mixture boiled, and it was kept at reflux temperature for 1 hr. 
The product was cooled, filtered off, and washed with aqueous dioxan. In order to remove residual 
catalyst, the product was transferred to a column and washed slowly with aqueous dioxan 
containing 10% (v/v) of concentrated hydrochloric acid, and finally with dioxan alone. The 
experiments at 25° were carried out in sealed tubes which were shaken in an air-thermostat. 

Samples of the chloromethylated products required for analysis were washed with dioxan 
which was progressively diluted with methanol, and finally with methanol alone. They were 
dried at 90° for 2—3 days under 0-02 mm. with a cold trap at —78° in the vacuum line. Chloro- 
methylated copolymers, if free from stannic chloride, can be heated for several days at 90° 
without apparent change; above 110°, cross-linking occurs. If the catalyst is not removed, 
the chloromethylated products darken rapidly on heating. Chlorine was determined gravi- 
metrically, after fusion of the dry copolymer with sodium peroxide in a Parr bomb. Weight- 
swellings in toluene were measured by a centrifuge technique (Pepper, Joc. cit.). 

Amination of Chloromethylated Copolymers.—Anhydrous trimethylamine (B.D.H.) was used 
for the preparation of strongly basic resins. 20 G. of chloromethylated copolymer (2% of 
divinylbenzene) were swollen in dioxan and cooled to 0°. 100 Ml. of the amine at 0° were added 
and, after slight warming to dissolve the amine, the mixture was kept at 0° for 2 days with 
intermittent shaking (74% divinylbenzene copolymers require 7 days at 0°). After filtration, 
the product was washed in a column with 2n-hydrochloric acid for 2—3 days, and then treated 
alternately with 0-1N-sodium hydroxide and 2Nn-hydrochloric acid, three times. The acid and 
alkali solutions were passed through guard-tubes, containing strongly basic resin in the chloride 
or the hydroxyl form respectively. Finally, the resin was treated with 2mM-sodium chloride 
solution, and washed with de-ionised water, until the effluent was chloride-free. The de- 
ionised water was passed through a small mixed bed of strongly acidic and strongly basic resins, 
immediately above the column. In this way, absorption of carbonate ion by the sample was 
avoided. 

A similar procedure was employed for the preparation of weakly basic resins by use of 
anhydrous dimethylamine (B.D.H.), the times allowed being: 2% D.V.B., 4 days; 44% 
D.V.B., 7 days; and 74% D.V.B., 10 days at 0°. The products were converted into the free- 
base form by treatment with 0-I1m-sodium hydroxide (passed through a guard-tube) and washed 
with de-ionised water as above. With these precautions, no carbonate ion was absorbed. 

Monomethylamine (B.D.H.), 33% (w/w) in water, and ethylenediamine hydrate (B.D.H.) 
were shaken with the swollen chloromethylated copolymers for 4 days at room temperature. 

Exchange Capacities of Basic Resins.—Strongly basic resins in the chloride form were dried 
to constant weight in presence of washed and dried sodium hydroxide pellets, and phosphoric 
oxide. At room temperature with a pressure of 0:02 mm. Hg, 2—3 days were required. About 
0-2 g. of the dry resin was shaken overnight with 50 ml. of 5mM-sodium nitrate, and the displaced 
chloride ion was determined gravimetrically. Weakly basic resins were dried in the free-base 
form; about 0-2 g. of the dry resin was shaken for 3 days with 50 ml. of M-sodium chloride and 
50 ml. of 0-05m-hydrochloric acid. Excess of acid in 25-ml. aliquots was titrated with standard 
alkali. Nitrogen was determined by Kjeldahl’s method. 


The work described above has been carried out as part of the research programme of the 
Chemical Research Laboratory, and this paper is published by permission of the Director of 
the Laboratory. The authors acknowledge helpful comments by Dr. H. T. Hookway, F.R.I.C., 


and Mr. D. Reichenberg, M.Sc. 


HicH PoLyMERS Group, CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. (Received, June 30th, 1953.) 


4106 Capp and Hawkins : 


834. Reactions of Organic Peroxides. Part VI.* 
Reactions with Amines. 
By C. W. Capp and E. G. E. HAWKINs. 


It has been found that alkaryl hydroperoxides, on treatment with amines, 
are converted smoothly into the corresponding carbinol by loss of one atom of 
oxygen. The mechanism of the reaction is uncertain, but it is known that 
some of the amine is utilised, whilst water is formed in amount corresponding 
to the oxygen lost by the peroxide. Many amines can be used for this 
reaction, although in general the speed of reaction follows the order tertiary 
amines > secondary amines > primary amines; ethylenediamine and 2- 
hydroxyethylamine, however, react very vigorously. 


THE decomposition of di-tert.-butyl peroxide in various solvents generally produces a 
mixture of ¢ert.-butanol and acetone; when tri-n-butylamine is the solvent, however, the 
product is almost entirely ¢ert.-butanol (Raley, Rust, and Vaughan, /. Amer. Chem. Soc., 
1948, 70, 1336). 

It has now been found that hydroperoxides decompose quite readily when heated with 
a variety of primary, secondary, or tertiary amines to give almost exclusively the corre- 
sponding carbinol. The hydroperoxides studied include those of tsopropylbenzene, the 
ditsopropylbenzenes, sec.-butylbenzene, and tsopropylnaphthalene. The reaction is usually 
rapid, the more so with tertiary amines (when it may be complete in 10 minutes) than 
with secondary or primary amines under similar conditions, but bishydroxyethylamine, 
piperidine, and piperazine reacted as readily as many tertiary amines, whilst ethylene- 
diamine brought about a very rapid decomposition. On the other hand, aniline reacted 
extremely slowly under the standard conditions used, but at higher temperatures (140— 
150°) the decomposition was moderately rapid. Pyridine, quinoline, urea, acetamide, and 
acetonitrile caused only very slow decomposition even at a higher temperature and the 
reactions were not taken to completion. Dimethylformamide reacted at an intermediate 
speed. 

At the end of the reactions with «a-dimethylbenzyl hydroperoxide the decomposition 
products were analysed for a«-dimethylbenzyl alcohol, acetophenone, and «-methyl- 
styrene by study of the infra-red spectra (cf. Part II); they showed in almost every case 
complete conversion of hydroperoxide into carbinol, the product being purer than that 
obtained by sodium sulphite reduction of the hydroperoxide. At lower temperatures 
(60—70°) or when the concentrations of amine were small the time required for 
decomposition increased. 

Much of the amine concerned in such reactions was recovered; the quantity consumed 
bears no apparent stoicheiometric relation to the amount of hydroperoxide decomposed. 

An attempt was made to determine the fate of the oxygen lost by the hydroperoxide. 
Very little gas was evolved during the reaction—except a little ethylene when triethyl- 
amine was used—or during the subsequent distillation of the products, and the small 
amount of residue after distillation was insufficient to account for the oxygen lost; the 
residue does not appear to contain amine oxides. However, water is formed in stoicheio- 
metric proportion to the oxygen lost by the hydroperoxide; the hydrogen involved must 
have been derived from the amine although in what manner is uncertain. It seems possible 
that the small residues left from these reactions may be polymerised unsaturated amines or 
amine derivatives, although they are far from being uniform products. 

Since this work was completed it has been reported (Horner, Angew. Chem., 1949, 60, 
411, 485) that diacyl peroxides are decomposed by primary, secondary, or tertiary amines, 
The peroxides are converted into carboxylic acids by abstraction of hydrogen from the 
amine. 

EXPERIMENTAL 

The same procedure was adopted for nearly all the amines used. The mixture of hydro- 

peroxide and amine was heated at the bath temperatures given in Table 1 until the test for 


* Part V, J., 1950, 2804. t+ Part II, J., 1950, 2169. 
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peroxide was no longer positive; in some cases much peroxide remained after many hours’ 
heating, and the material was not further examined. The solution was then either (a) distilled, 
to give amine and hydroperoxide-decomposition product, or (b) washed with acid to remove 
amine and then distilled. 

The distillate was analysed by use of the infra-red method mentioned in Part II; generally 
the residue was not further examined, and it usually consisted of less than 5% of the total 
products. 

axa-Dimethylbenzyl Alcohol.—This was obtained as a liquid from the reaction of a«-dimethyl- 
benzyl hydroperoxide with many different amines. Two crystallisations from light petroleum 
yielded a product, m. p. 33—34°, identical with that obtained by synthesis (Part II). Details 
of the reactions of amines with this hydroperoxide are given in Table 1. 


TABLE 1, 
Hydro- Decomp. Product from peroxide 
peroxide, g. Amine Wt., g. Bath temp. time, hr. Wt., g. % Carbinol 
20 Triethylamine 50 110—120° 4 18-5 88 
10 = 25 60—70 94 9-0 « 
5 Triethylamine in iso- 12 110—120 + — e 
propylbenzene 12 
10 Triethylamine in iso- 2 8} 81-5° 
propylbenzene 32 
20 Triethanolamine 50 ss $ 15-9 100 
10 Dimethylaniline 20-5 er 4 9-0 85° 
10 Diethylamine 25 110 11—12 9-8 78° 
(internal 63) 
10 Diiso lami 25 S0—80 s a = 
ea * 100—110 1 6-5 99-5 
10 Bishydroxyethylamine 25 110—120 A 8-8 94 
10 n-Butylamine 25 100—110 94 10-0 72° 
10 tsoButylamine 25 100—110 16—17 6-5 100 
10 Hydroxyethylamine 25 90 ; 58 98 
10 Aniline 25 140—150 2 6-5 90 
2 Ethylenediamine 5 100 4 _ . 
10 Ethylenediamine 27 60—85 3 8-5 80° 
10 Piperidine 25 110—120 4 10-4 87° 
2-5 Piperazine in tsopropyl- 6 ~ 4 —_ . 
benzene 
5 Hexamine in isopropyl- 12 4 — 2 
benzene 


* Not analysed. * Together with 13% of acetophenone. ¢* The preduct contained some amine 
or amine-decomposition product, but no acetophenone or a-methylstyrene. 

In addition, the mixture from the reaction of the hydroperoxide with the following at 110—120°, 
or higher, for long periods still contained unreacted peroxide and was therefore not further examined : 
aniline at 110—120°, pyridine, quinoline, urea, dimethylformamide, acetamide, acetonitrile, and 
ammonia (passed through a solution in isopropylbenzene). 


ax-Dimethyl-m-isopropylbenzyl Alcohol.—ax-Dimethyl-m-isopropylbenzyl hydroperoxide 
(8 g.) was heated at 100—110° for 14 hr. with triethylamine (25 g.). After removal of the 
unchanged amine the carbinol (6-0 g.) distilled at 119°/15 mm.; the distillate crystallised as it 
distilled, and had m. p. 36—37° (from light petroleum) (Found: C, 80-65; H, 9:7. C,,H,,0 
requires C, 80-9; H, 10-1%). 

aa-Dimethyl-p-isopropylbenzyl Alcohol.—x«-Dimethyl-p-isopropylbenzyl hydroperoxide (8 g.) 
and triethylamine (20 g.) were heated at 110-—120° for lhr. Distillation gave unchanged amine 
and a fraction (7-0 g.), b. p. 130—132°/21 mm. Infra-red analysis of the product indicated no 
substituted acetophenone or methylstryrene homologue. Recrystallisation from petroleum 
and ethanol-water gave the carbinol, m. p. 42:-5—43° (Found: C, 80-5; H, 9-8. C,,H,,O 
requires C, 80-9; H, 10-1%). 

p-Di-(1-hydroxy-1-methylethyl)benzene.—The dihydroperoxide (8 g.) of p-diisopropylbenzene 
and triethylamine (20 g.) were heated at 110—120° for } hr. Distillation gave: amine (15 g.) ; 
a fraction (1-0 g.), b. p. 90—128°/15 mm., and another (4-5 g.), b. p. 128—160°/15 mm., which 
slowly crystallised. Recrystallisation of the latter from benzene gave the dihydroxy- 
compound, m. p. 141—142° (Found: C, 74:2; H, 9-3. Calc. for C,,H,,0,: C, 74-2; H, 
9-3%). Bogert and Harris (J. Amer. Chem. Soc., 1919, 41, 1676) report m. p. 142-4—142-9° 
(corr.) for p-di-(1-hydroxy-1-methylethyl) benzene. 

1-Methyl-1-8-naphthylethyl Alcohol_—\-Methyl-1-8-naphthylethyl hydroperoxide (10 g.) and 
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triethylamine (25 g.) were heated for 7 hr. before decomposition was complete. Distillation 
provided amine; a fraction (4-7 g.), b. p. 160—180°/15—20 mm., which slowly crystallised ; 
and residue (2-8 g.). Recrystallisation of the distillate from light petroleum, followed by 
aqueous ethanol, provided large crystals, m. p. 62°, of the alcohol (Found: C, 84-1; H, 7-6. 
Calc. for C,,H,,0: C, 83-9; H, 7-5%). 

Heating of the alcohol with fused potassium hydrogen sulphate under reduced pressure led 
to 8-isopropenylnaphthalene, m. p. 54—54-5° (from aqueous ethanol followed by cold methanol) 
(Found: C, 92-6; H, 7-1. Calc. for C,,H,,: C, 92-8; H, 7-2%). 

a-Ethyl-x-methylbenzyl Alcohol.—a-Ethyl-a-methylbenzyl hydroperoxide (5 g.) was heated 
with triethylamine (12 g.) at 110—120° until the peroxide had decomposed, giving the carbinol, 
b: p. 53—54°/0-1 mm. (Found: C, 79-4; H, 9-3. Calc. for C,,H,,0: C, 80-0; H,9:3%). This 
yielded a phenylurethane, m. p. 89---90°, and «-naphthylurethane, m. p. 129—130-5°, identical 
with those obtained from the product of sodium sulphite reduction of the hydroperoxide 
(Part I). 

tert.-Butanol.—tert.-Butyl hydroperoxide (10 g.) was added gradually to trishydroxyethyl- 
amine (25 g.) previously heated to ca. 100°. A vigorous reaction followed each addition; after 
the last, heating was continued for a few minutes, and the low-boiling product (9-0 g.) then 
distilled off. This contained no acetone (by hydroxylamine determination and infra-red 
examination) and consisted of ¢ert.-butanol (95% of the dried distillate), some water, and a trace 
of amines. 

Detailed E-xamination of the Products of Reaction of xx-Dimethylbenzyl Hydroperoxide.—In the 
following experiments yields were obtained by analysis; amines were determined by acid 
titration, water by Fischer’s method (Mitchell and Smith, ‘‘ Aquametry,’’ New York, 1948) and 
ax-dimethylbenzyl alcohol by infra-red analysis. In some cases spectroscopic determination of 
carbinol gave slightly incorrect results through interference by nitrogenous compounds. 
Ethylene was measured by absorption analysis (Bone and Wheeler’s method) and by study of 
infra-red spectra. 

With triethylamine. (a) Hydroperoxide (24-3 g.) was heated with triethylamine (24-5 g.) at 
110° for 20 min.; no peroxide then remained and no gaseous products had been evolved. 
Distillation gave crude triethylamine (16-7 g.), b. p. 67°, and ethylene (0-023 mole) was evolved. 
axz-Dimethylbenzyl alcohol (18-9 g.), b. p. 82—92°/12 mm., then distilled, leaving a gummy 
residue (5-9 g.); a mixture of triethylamine and water (2-8 g.) was retained in a cooled trap. 
The crude amine on refractionation gave pure amine (5:1 g.), b. p. 89° (Found: nj} 1-400; 
equiv., 102. NEt, has n¥ 1-4032; equiv., 101-2), the remainder being wet triethylamine. 

(b) Hydroperoxide (23-6 g.) and amine (23-3 g.), under the same conditions as in (a), gave 
water (2-6 g.), ethylene (0-024 mole), unchanged amine (15-6 g.), and carbinol (21-6 g.). The 
residue (3-4 g.) contained 7-1% of nitrogen (Ixjeldahl), whilst a small amount of unidentified 
nitrogenous material always distilled with the carbinol. 

With bishydroxyethylamine. WHydroperoxide (20-1 g.) was heated with the amine (52 g.; 
a large excess) at 90° until a fairly vigorous reaction began, all the peroxide being decomposed 
in }hr.; no gas was evolved. When larger proportions of hydroperoxide were used the reaction 
was exceptionally violent. 

Distillation of the crude product gave the carbinol (12-8 g.), b. p. 89—92°/10 mm., bis- 
hydroxyethylamine (41-3 g.), b. p. 148—152°/10 mm., and water (2-4 g.). The residue (9-0 g.) 
contained 10-69% of nitrogen (Kjeldahl) and could not be identified. No morpholine was 
detected so that it is improbable that the water was derived by dehydration of the amine. 

With diisopropylamine. NHydroperoxide (24 g.) and amine (21-8 g.) were heated at 100— 
110° for 4 hr.; no more peroxide then remained. No gas was evolved, and the crude product, 


TABLE 2. (All quantities are in moles.) 


Starting materials Products 
—— my Co A-— - =, 
peroxide amine carbinol amine water ethylene 
0-160 0-243 (triethylamine) 0-139 = - 0-023 
0-155 0-231 0-159 0-154 0-143 po 
0-132 0-495 (diethanolamine) 0-094 0-365 0-134 _ 
0-158 0-216 (ditsopropylamine) 0-128 0-160 0-129 (+ trace of acetone) 


when distilled, gave unchanged diisopropylamine (16-2 g.), b. p. 60°, carbinol (17-4 g.), b. p. 
92-—93°/14 mm., and water (2-3 g.). Careful refractionation of the ditsopropylamine fraction 
failed to separate the amine from water, but revealed the presence of a small amount of acetone 
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(semicarbazone, m. p. and mixed m. p. 187°; 2: 4-dinitrophenylhydrazone, m. p. and mixed 
m. p. 125°). No primary amine or phenol could be detected. 

These results are summarised in Table 2. 

The authors thank Mr. A. R. Philpotts for infra-red spectral determinations, Mr. B. E. V. 
Bowen for gas analyses, Mr. F. E. Salt for valuable discussion, and the Directors of the Company 
for permission to publish this paper. 
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835. The Addition of Maleic Anhydride to 
9: 10-Diphenylanthracene. 


By J. W. Cook and Leon HUNTER. 


Maleic anhydride adds at the 1 : 4-positions of 9: 10-diphenylanthracene, 
both in xylene solution and also when the reactants are fused together. 
Spectroscopic evidence of the structure (II) of the adduct is supported by the 
preparation of epoxides from two of its esters. 


ANTHRACENE and many of its simple derivatives react with maleic anhydride and other 
dienophiles by addition at the 9 and 10 positions. Bachmann and Kloetzel (J. Amer. 
Chem. Soc., 1938, 60, 481) found that : 10-diphenylanthracene reacted slowly and 
incompletely with maleic anhydride, but by using 30 mol. of maleic anhydride in boiling 
xylene they obtained an adduct, m. p. 249—250°, in 78°, yield, and assumed for this the 
structure (I). Dufraisse, Velluz, and Velluz (Bull. Soc. chim., 1938, 5, 1073) were unable 
to isolate a product by the “ usual technique,” but when equal weights of 9 : 10-diphenyl- 
anthracene and maleic anhydride were fused together they obtained an adduct, m. p. 315— 
317°. They attributed the difference in m. p. to the fact that they had used a block for 
their m. p. determination whereas the American workers had used a capillary tube. 
Dufraisse suggested that in the latter case complete dissociation had taken place during 
heating and pointed out that the m. p. recorded by Bachmann and Kloetzel is very close 
to that of diphenylanthracene (m. p. 250-——251°). 

Gillet (b1d., 1950, 17, 1141) examined the ultra-violet absorption spectrum of a sample 
of adduct prepared by Dufraisse’s method, and found that it was not benzenoid in 
character, like the spectra of the adducts of anthracene and 9-phenylanthracene, but 
closely resembled that of 1:4-diphenylnaphthalene. Gillet therefore proposed the 
structure (II), which is that of a derivative of 1 : 4-diphenylnaphthalene. 


Ph CH—CO = H—-C 
5 ae —CH—-¢O 
| if I | (8) ! , , ? 
VAAN : <—CH—CO 

Pad OO Ph 

. at 


More recently, the reaction has been discussed from a theoretical standpoint by Brown 
(J., 1952, 2229), who concluded that under the conditions used by Bachmann and Kloetzel 
addition of maleic anhydride should take place almost exclusively at the 9 and 10 positions. 
brown accepted the structure (I) for their product and advanced an explanation for the 
formation of (II) at the higher temperature used by the French workers. 

It was clearly of interest, therefore, to re-examine the reaction under both sets of 
conditions, to determine whether or not the products are identical, and to establish their 
structures. We have found that the same product was formed under both sets of 
conditions ; this was shown by comparison not only of the adducts, but of three derivatives. 
Moreover, in each case the adduct had an absorption spectrum corresponding closely with 
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that of 1: 4-diphenylnaphthalene and is therefore represented by formula (II). This 
structure {but not (I)] contains an isolated ethylenic bond which should be susceptible to 
oxidative attack. We were unable to isolate pure products of permanganate oxidation or 
of ozonisation, but the presence of the double bond was shown by titration with perphthalic 
acid and also by characterisation of the epoxides obtained by monoperphthalic acid 
oxidation of the dimethyl and diethy] esters. 

Evidently the two meso phenyl groups (which are not coplanar with the anthracene 
rings) completely suppress the addition of maleic anhydride which normally takes place at 
the 9 and 10 positions. Addition at the less reactive (but by no means inert) 1 and 4 
positions is paralleled by the 1 : 4-addition of maleic anhydride to naphthalene derivatives 
(Kloetzel et al., J. Amer. Chem. Soc., 1950, 72, 273, 1991; Abadir, Cook, and Gibson, /., 
1953, 8). The theoretical aspects of the reaction (Brown, /oc. cit.) need reconsideration in 
the light of these findings. 


EXPERIMENTAL 

1 : 4-Dihydro-9 : 10-diphenylanthracene-1 : 4-endo-«8-succinic Anhydride (II).—(a) Prepar- 
ation in boiling xylene (cf. Bachmann and Kloetzel, Joc. cit.). A solution of 9: 10-diphenyl- 
anthracene (10 g.) and maleic anhydride (80 g.) in xylene (250 c.c.) was boiled under reflux for 
3 hr. and then poured into 40% potassium hydroxide solution. The solvent was removed in 
steam and the suspended potassium endosuccinate, together with unchanged diphenyl- 
anthracene, was collected and dried in a vacuum desiccator, The hydrocarbon was extracted 
with benzene and the residual potassium salt (11-4 g.) was converted into the acid by refluxing 
it with dilute mineral acid. Crystallisation from moist ethyl acetate gave 1 : 4-dihydro-9 : 10- 
diphenylanthracene-1 : 4-endo-a8-succinic acid as crystals, m. p. 260° (Maquesne block) or 
241—242° (capillary tube) (Found: C, 77-5; H, 4:75. C3 9H. O,,H,O requires C, 77-9; H, 
4-8%). Recrystallisation from acetic anhydride gave the anhydride (II), m. p. 310—315° 
(Maquesne block) or 244—245° (capillary tube). Light absorption in ethanol: Amax, 288, 291, 
293 mu: loge = 4-1, 4-08, 4-07. 

(b) Preparation without a solvent (Dufraisse, Velluz, and Velluz, Joc. cit.). Powdered 9: 10- 
diphenylanthracene (0-5 g.) and maleic anhydride (0-5 g.) were intimately mixed and heated to 
fusion. After a few seconds the product was cooled, powdered, and extracted with ether and 
benzene to remove unchanged reactants. The endosuccinic anhydride (II) formed crystals 
(from benzene), m. p. 309—315° (Maquesne block) or 245—247° (capillary tube). Light 
absorption in ethanol: Amax, 242 *, 288, 291, (294) mu: log ce = 4-74, 4-07, 4-06, (4-04). 

The dimethyl ester was prepared by boiling this anhydride (0-7 g.) with 2° methanolic 
sulphuric acid (60 c.c.) for 6 hr. It crystallised from methanol in flat rectangular prisms with a 
double m. p. (187° and then 215—-216°) (Found: C, 81-1; H, 5-4. C3,H,,O, requires C, 81-0; 
H, 5-5%). The diethyl ester, similarly prepared, formed crystals, m. p. 222—-224° (Found: C, 
81-45; H, 6-05. C3,H 3,0, requires C, 81-25; H, 6-0%). 

The cis-dimethyl ester (0-1 g.) was isomerised by boiling its solution in sodium methoxide 
(2 g. of sodium in 50 c.c. of methanol) for 15 hr. (cf. Diels and Alder, Annalen, 1931, 486, 191; 
Hiickel and Goth, Ber., 1925, 58, 447). The solution was concentrated, poured into water, and 
acidified. The precipitated acid was re-esterified with methanol-sulphuric acid and gave the 
trans-dimethyl ester as clusters (from methanol), m. p. 186—187° depressed by mixing with the 
cts-ester (Found: C, 80°75; H, 5:-55%). 

The anhydride prepared in xylene solution was similarly converted into the cits-dimethy] 
ester, double m. p. 189° and 215°, the trans-dimethy] ester, m. p. 186°, and the c?s-diethy] ester, 
m. p. 221—-224°, and the m. p.s showed no depression when mixed with corresponding 
derivatives of the anhydride prepared without a solvent. 

Degree of Unsaturation of Adduct (II).—A weighed amount of the diethyl ester (ca. 0-4 g.) 
was added to 50 c.c. of a 0-5% solution of monoperphthalic acid in chloroform. Oxidation was 
complete only after 95 hr. at room temperature. Excess of perphthalic acid was estimated by 
adding potassium iodide and titrating the liberated iodine. The number of double bonds given 
by two determinations was 1-048 and 1-025. 

The epoxide was not isolated in a satisfactorily pure condition from the titrated solution. 
For preparative purposes, the diethyl ester (150 mg.) was added to 0-5°,, monoperphthalic acid in 


* Because of a defect in the spectrophotometer absorption in this region was not measured with the 
sample prepared in xylene solution. 
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chloroform (50 c.c.) and kept at room temperature for 4 days. Acids were removed by 
extraction with sodium carbonate solution, and the washed chloroform solution was dried 
(Na,SO,) and evaporated. The residual gum crystallised from light petroleum (b. p. 60—80°) 
in crystals, m. p. 237—238°, of diethyl 3 : 4-epoxy-1: 2: 3: 4-tetrahydro-9 : 10-diphenylanthracene- 
1 : 4-endo-x3-succinate (Found: C, 78:5; H, 5:75. C 3,yH gO, requires C, 78:7; H, 5-8%). 

The epoxide similarly prepared from the cis-dimethyl ester had m. p. 218—219° (from 
hexane) (Found: C, 78-45; H, 5:5. C,,H,,0; requires C, 78-35; H, 5-3%). 


Microanalyses were by Mr. J. M. L. Cameron and Miss M. W. Christie. 


UNIVERSITY OF GLASGOW. Received, August 18th, 1953. | 


836. Reactions between Trimethylethylene and Formaldehyde 
catalysed by Stannic Chloride. 


By L. E. Appy and JoHN W. BAKER. 


Contrary to statements in the literature, the simplest product of the 
stannic chloride-catalysed reaction of trimethylethylene with paraformalde- 
hyde is 2: 3-dimethylbut-3-en-1l-ol (I), the acetate of which is also formed 


under the conditions of the Prins reaction. 


WE have investigated the reaction between trimethylethylene and both paraformaldehyde 
and trioxan with anhydrous stannic chloride, both with and without solvent, at room 
temperature, as a possible further example of “ aldol ’’-type olefin addition (Baker, /., 
1950, 1302), H-CH,*CMe:CHMe -}- CH,:0 —» CH,:CMe-CHMe-CH,°OH (I). The re- 
action yields a very complicated mixture of products of varying molecular complexity, 
from which it is difficult to separate pure compounds, even by repeated fractional distillation 
through efficient columns. The simplest product, an unsaturated alcohol, b. p. 56°/31 mm., 
136°/742 mm., was best obtained by reaction in dry chloroform with a stannic chloride- 
paraformaldehyde ratio of 0-04: 1 (mol.). This alcohol reacted readily with phosphorus 
pentachloride or sodium, and Zerevitinov determination showed the presence of one 
hydroxyl group in the molecule. It was converted, with some difficulty, into a p-nitro- 
benzoate, m. p. 49-5° (see below). Dehydration with aniline hydrobromide (which was 
shown not to cause polymerisation of the diene produced) afforded 2 : 3-dimethylbutadiene 
(II), characterised by its addition product, 4: 5-dimethyltetrahydrophthalic anhydride 
(III), m. p. 78-5°, with maleic anhydride. Ozonolysis of the unsaturated alcohol gave 


CH, 
wr 5 - : 
CH,:CMe-CHMe:CH,;7OH ——® CH,!CMe-CMe!CH, ——» MeC” SCH-CO., 
2 MeC. /CH-CO” 
(1) Jo. (11) CH, (III) 
CH,-C——-CH-CH, 
CH,0 + CH,y:CO-CHMe:-CH,-OH —» N. CH, 
IV NN Ar (V) 


only formaldehyde (with no trace of acetaldehyde or other volatile carbonyl compound) 
and 2-methyl-3-oxobutan-l-ol (IV), identified by conversion with 2 : 4-dinitrophenyl- 
hydrazine into the dihydropyrazole [V; Ar = 2: 4-(NO,),C,Hs], identical with a specimen 
prepared from an independently synthesised specimen of the keto-alcohol (IV). It is 
thereofore evident that the main constituent of the unsaturated alcohol fraction is 2 : 3-di- 
methylbut-3-en-l-ol (I). Without evidence, B.P. 545,191/1938 describes the product 
of this reaction as 3-methylpent-3-en-1-ol. 

Similar reaction of trimethylethylene with either trioxan and stannic chloride or with 
the previously isolated, solid stannic chloride-complex of paraformaldehyde or trioxan 
occurred much less readily, and yielded formaldehyde-contaminated products. In several 
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of the more complex, higher-boiling products the presence of the same carbon skeleton 
C*CMe-CMe:C was established by isolation of (III) or (V) in small yields. 

The comparable reaction between the olefin, paraformaldehyde, and 100% acetic acid 
in the presence of stannic chloride afforded, as the simplest products, a mixture of (I) 
and its acetate, again contrary to the claim (B.P. 592,838/1940) for formation of 3-methyl- 
pent-3-enyl acetate. Under the conditions of the Prins reaction (a mixture of 100% acetic 
and sulphuric acids) a 22% yield of 2 : 3-dimethylbut-3-enyl acetate was obtained which, 
on ozonolysis, gave formaldehyde and 2-methyl-3-oxobutyl acetate, characterised as its 
semicarbazone (Morgan and Holmes, /., 1942, 2667). Hydrolysis of 2 : 3-dimethylbut- 
3-enyl acetate gave the unsaturated alcohol which afforded a p-nitrobenzoate identical 
with that obtained from (I) (above). The formation of the unsaturated acetate in the 
Prins reaction with trimethylethylene may be contrasted with the formation of the di- 
acetate of the 1 : 3-diol in the corresponding reaction with propylene (Baker, J., 1944, 
296). 

EXPERIMENTAL 

Preparation of Reference Compounds.—Trimethylethylene. Prepared by dehydration of 
tert.-amyl alcohol with anhydrous oxalic acid and repeated fractionation, this had b. p. 37-5°, 
760 mm., nj 1-3880 (Egloff, ‘‘ Physical Constants of Hydrocarbons,’’ Reinhold Publ. Corp., 
New York, 1939, Vol. 1, p. 179, gives nj) 1-3876). 

2-Methyl-3-oxobutan-1l-ol. This, b. p. 90°/12 mm., was prepared by a slight modification 
of Morgan and Holmes’s method (loc. cit.). With 2: 4-dinitrophenylhydrazine in alcoholic 
5° hydrochloric acid it gave the dihydropyrazole (V), m. p. 191°, after crystallisation from 
ethyl acetate (Found: C, 50-1; H, 4:45; N, 21-4. Calc. for C,,H,,O,N,: C, 50-0; H, 4-55; 
N, 21:2%). The acetate, b. p. 80—81°/11 mm., gave its semicarbazone, m. p. 138-9°, after 
crystallisation from benzene (Found: C, 47:8; H, 7-7; N, 20-6. Calc. for CgH,;0;N,: C, 
47-8; H, 7-5; N, 20-9%). 

2: 3-Dimethylbutadiene (Org. Synth., 1942, 22, 39). This had b. p. 71:5°/753 mm. With 
maleic anhydride it gave 4: 5-dimethyltetrahydrophthalic anhydride, m. p. 78-5°, after 
crystallisation from ligroin (b. p. 60—80°) (Found: C, 66-6; H, 6-5. Calc. for Cy)9H,,O;: 
C, 66-67; H, 6-67%). 

Trioxan (Hamer, Thesis, Leeds, 1948; Frank, U.S.P. 2,304,080/1941). This was dried 
in ether over sodium and crystallised from ether. Final drying was effected in a sealed vessel 
in which a tube of phosphoric oxide was suspended. The sample, m. p. 61° (sealed tube), 
sublimed very readily even at room temperature and was thus introduced into the reaction 
vessel. Paraformaldehyde was a commercial sample freed from uncombined water by drying 
over phosphoric oxide. Chloroform (B.P.) was repeatedly washed with water, dried (CaCl,), 
and fractionated. Final drying was effected by phosphoric oxide in contact with the vapour, 
and the sample was redistilled immediately before use. 

Tvimethylethylene—Formaldehyde Reactions.—The apparatus and techniques used to exclude 
moisture were essentially the same as those of Baker and Holdsworth (/., 1945, 724, Figs. 
1 and 2), except that the reaction vessel was attached through a suitable adaptor with taps 
so that it could be isolated and removed for the purpose of mechanical shaking. Many pre- 
liminary experiments were carried out to determine the best conditions for obtaining tractable 
products. In one experiment, dry stannic chloride (0-035 mole) was distilled from phosphoric 
oxide into a mixture of paraformaldehyde (1 mole), trimethylethylene (1-09 mole) and chloro- 
form (0-63 mole) kept at 0°. The mixture was shaken at room temperature. A clear solution 
was obtained after 70 hr. It was poured on crushed ice, neutralised with sodium carbonate, 
and steam-distilled. The distillate was extracted first with the distilled chloroform and then 
repeatedly with ether. After drying, the solvents were removed through a column and the 
residue was repeatedly fractionated through an efficient column which was always allowed to 
attain equilibrium before a small fraction was taken off. Redistillation of the lowest fraction, 
b. p. 72°/60 mm., 54°/18 mm. (16-7 g.), gave a middle fraction (8 g.), b. p. 56°/31 mm., xP 
1-4390 (Found: C, 71-0; H, 12-4. Calc. for C,H,,0: C, 72-0; H, 12-09). This was un- 
saturated to bromine and potassium permanganate, and showed hydroxylic activity towards 
sodium and phosphorus pentachloride. Zerevitinov determination (Braude and Stern’s 
method, J., 1946, 404) gave active H, 1-12, 1-25 (Calc. for CgH,,0: 1-0%). Isolation of a 
p-nitrobenzoate was achieved by warming the alcohol with a small quantity of p-nitrobenzoyl 
chloride, without solvent, until the mixture just began to darken. The product was cooled 


Formaldehyde catalysed by Stannic Chloride. 4113 


and stirred with an excess of 20°4 aqueous sodium hydroxide. The separated ester solidified 
in ice (scratching). Crystallisation from ligroin (b. p. 40—60°) gave the p-nitrobenzoate, m. p. 
49-5°, not depressed by a specimen, m. p. 51°, prepared from the acetate (below) (Found : 
C, 62-2; H, 6-05; N, 5-4. C,3;H,,O,N requires C, 62-9; H, 6-05; N, 5-2%). The alcohol 
(0-66 g.) was ozonised in dry chloroform at 0° for 48 hr. and the ozonide was decomposed by 
boiling with water and zinc dust under a reflux condenser. No precipitate was obtained in a 
2: 4-dinitrophenylhydrazine trap fitted to the top of the condenser. Ether-extraction of the 
neutral product afforded a carbonyl compound (iodoform reaction) which, with 2 : 4-dinitro- 
phenylhydrazine in alcoholic hydrochloric acid (Morgan and Holmes, Joc. cit.), gave the di- 
hydropyrazole (V; 0-83 g.), m. p. and mixed m. p. 191—192° after crystallisation from ethyl 
acetate. The aqueous liquor from the ozonolysis gave formaldehyde as its dimedone compound 
(0-4 g.), m. p. and mixed m. p. 189°. 

Of the large number of dehydrating agents tried, only aniline hydrobromide and iodine did 
not cause polymerisation of 2: 3-dimethylbutadiene, and the former reagent was used to de- 
hydrate the unsaturated alcohol. This was heated with aniline hydrobromide at 120° and the 
volatile products, escaping from a reflux condenser warmed to 90°, were passed into benzene. 
After being washed with water, the dried benzene solution was added to a benzene solution 
of maleic anhydride and was kept at 0° overnight. The benzene was completely removed on a 
steam-bath with several additions of ligroin (b. p. 60—80°), and the oily residue was extracted 
with cold ligroin. Concentration of this solution gave 4: 5-dimethyltetrahydrophthalic 
anhydride, m. p. and mixed m. p. 78-5". 

Reaction of Trimethylethylene with Pavraformaldehyde—Acetic Acid—Stannic Chloride.—The 
reaction vessel, attached to the Baker and Holdsworth apparatus, was fitted with a mercury- 
sealed stirrer and a reflux condenser closed with a phosphoric oxide drying tube. Dry stannic 
chloride (0-044 mole) was added dropwise to a stirred mixture of dry paraformaldehyde (0-76 
mole) and 100% acetic acid (0-78 mole), the temperature being kept at <10°. When a fine 
suspension was obtained, dry trimethylethylene (0-77 mole) was added at a rate of 0-5 c.c. per 
min., the temperature being kept at <10°, at which temperature stirring was continued for a 
further hour. The temperature was raised to 15° and, finally, to 20° for 3 hr. The mixture 
was worked up as before. The fraction, b. p. 52-5—-53°/12 mm., nf 1-4290, after repeated 
refractionation, was almost free from hydroxylic activity (initially present due to admixture with 
the unsaturated alcohol) and consisted mainly of the unsaturated acetate (Found: C, 65-5; 
H, 10-0. C,H,,O, requires C, 67-5; H, 985°). Hydrolysis with cold 0-5N-sodium hydroxide 
for 32 hr. (Found: equiv., 135. Calc.: equiv., 142) gave, beside sodium acetate and some 
formaldehyde, the unsaturated alcohol (I), identified as its p-nitrobenzoate, m. p. 51°, not de- 
pressed by admixture with the specimen obtained above, and by dehydration to the diene (II), 
characterised as its maleic anhydride compound, m. p. and mixed m. p. 78-5°. 

Prins Reaction with Trimethylethylene.—Trimethylethylene (0-66 mole) was added with 
stirring to a cooled mixture of 100% sulphuric acid (0-36 mole), 100% acetic acid (3-4 moles), 
and paraformaldehyde (0-83 mole) at such a rate that the temperature was kept at 17° (3 hr.). 
The mixture was neutralised with crystalline sodium carbonate and extracted with ether. 
Fractionation of the crude product from the dried ethereal solution gave fractions (i), b. p. 
38-5°/44 mm., n}§ 1-3820 (Found: C, 34:84; H, 7-61%), and (ii), b. p. 51—52-5°/13 mm., 
ni8 1-4299 (20 g.), together with higher-boiling fractions. Fraction (i) appeared to be a loose 
compound of acetic acid and formaldehyde, possibly of the hydroxymethylene acetate type, 
and was not further examined. Fraction (ii) is 2: 3-dimethylbut-3-enyl acetate (Found: C, 
67-0; H, 9-9. C,H,,0O, requires C, 67-5; H, 9-85%). Ozonolysis in dry chloroform gave 
formaldehyde (dimedone) and 2-methyl-3-oxobutyl acetate, identified as its semicarbazone, m. p. 
and mixed m. p. 137—138°, after crystallisation from benzene. 


One of us (J. W. B.) thanks the Royal Society for a grant. 
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The Synthesis of 7-Acetyl-2:3:4' : 5'-tetraphenylpyrrolo(2’ : 3’-4 : 5)- 
indole. 
By N. A. Jones and Muriet L. ToMLINsOoN. 


The compound first obtained (Japp and Meldrum, J., 1899, 75, 1044) by 
condensation of benzoin with m-phenylenediamine has been proved to be 
2:3: 4’: 5’-tetraphenylpyrrolo(2’ : 3’-4: 5)indole and not its “‘ linear’ isomer, 
by synthesis of an acetyl derivative. Some tetrahydrocarbazoles and 
octahydroindolocarbazoles have been prepared from 2-hydroxycyclohexanone 
and aromatic amines. 


Japp and Metprum (/., 1899, 75, 1044) prepared a tetraphenylpyrroloindole from m- 
phenylenediamine and benzoin, and Ruggli and Pettijean (Helv. Chim. Acta, 1936, 19, 928) 
obtained the same substance from the bis-condensation product of deoxybenzoin and 
m-phenylenedihydrazine. Although syntheses of this kind generally afford compounds 
of “‘ non-linear ”’ structure, the latter authors assigned a “ linear ”’ structure (I) to Japp and 
Meldrum’s compound by analogy with the tetraphenylfuranocoumarone (II) that Japp and 
Meldrum (loc. cit., p. 1039) obtained from resorcinol and benzoin and from which Dischen- 
dorfer (Monatsh., 1933, 62, 69) obtained 4: 6-dibenzoylresorcinol by oxidation and hydrolysis. 

Japp and Meldrum’s compound, unlike the corresponding methyl derivative (III; 
R = Me, R’ = H) now prepared from benzoin and 4-methyl-m-phenylenediamine, is very 
sparingly soluble in all common solvents and, although the very dilute methanol solution 
obtainable absorbs at wave-lengths similar to those observed for the methyl compound, 
establishment of the structure of the former by comparison of spectra was not satisfactory. 

When, however, Japp and Meldrum’s pyrroloindole was acetylated, a small quantity 
of 7-acetyl-2: 3:4’ : 5’-tetraphenylpyrrolo(2’ : 3’-4: 5)indole (III; R= Ac, R’ = H), 
identical (mixed m. p.) with an authentic specimen of that substance prepared by con- 
densation of benzoin with 2 : 4-diaminoacetophenone, was obtained. The preparation of 
(III; Kk = Ac, R’ = H) in this way is unambiguous and must yield an “ angular ”’ product : 
Japp and Meldrum’s compound must therefore be (III; R= R’ =H). Acetylation of 
7-methyl-2 : 3: 4’ : 5’-tetraphenylpyrrolo(2’ : 3’-4: 5)indole yields a substance that must 
be 6-acetyl-7-methyl-2 : 3: 4’ : 5'-tetraphenylpyrrolo(2’ : 3’-4:5)indole (III; R= Me, 
R’ = Ac) because it is stable to alkaline hydrolysis and it is unlikely that one of the four 
phenyl groups has been attacked. 
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While there are many examples in the literature of the preparation of diphenylindoles 
from aromatic amines and benzoin (e.g., by Japp and Murray, Ber., 1893, 26, 2638; Fennell 
and Plant, J., 1932, 2872; Ritchie, /. Proc. Roy. Soc. N.S.W., 1946, 80, 33), tetrahydro- 
carbazoles have not been prepared in a similar way using l-hydroxycyclohexanone. It has 
now been shown that in many cases this reaction proceeds smoothly to give the expected 
product, frequently in good yield. It is interesting that, whereas o- and p-aminophenol give 
no tetrahydrohydroxycarbazole, m-aminophenol gives, in good yield, tetrahydro-7(or 5)- 
hydroxycarbazole, m. p. 163—164°, presumably identical with the substance, m. p. 164° 
(no analysis), described as obtained by heating cyclohexanone and m-hydroxyphenyl- 
hydrazine with naphthalene-1 : 5-disulphonic acid (D.R.-P., 547,840; Chem. Zenir., 1933, 
If, 622). /-Nitroaniline gives a substance C,.H,,0O,N, which must be either #-nitro-N- 
2-oxocyelohexylaniline or N-2-hydroxycyclohexylidene-p-nitroaniline. Cyclisation to the 
tetrahydrocarbazole did not occur even with zinc chloride or sulphuric acid. 

5:6:7:8:4':5':6': 7’-Octahydroindolo(3’ : 2’-1:2)carbazole (IV; R =H) was 
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originally prepared (Tomlinson, J., 1951, 809) from biscyclohexanone -phenylenedi- 
hydrazone but attempts to obtain (IV; R = Me) by an analogous method failed. The 
former has since been proved (Hall and Plant, /., 1953, 116) to possess the “ angular ”’ 
structure first assigned to it on theoretical grounds. The original method used was un- 
suitable for the preparation of more than very small quantities of (IV; R = H) and the 
chemistry of this interesting compound has not therefore been investigated. Both (IV; 
R = H)and5:6:7:8:4':5': 6’: 7’-octahydro-3-methylindolo(3’ : 2’-1 : 2)carbazole (IV ; 
R = Me) have now been obtained by condensation of 2-hydroxyeyclohexanone with the 
appropriate diamine. The new method is far less laborious. It works best on a fairly 
small scale; yields are, however, somewhat variable. Experiments in which 2-chloro- 
cyclohexanone was substituted for the hydroxy-compound have so far failed to produce 
indolocarbazole derivatives. o- and ~-Phenylenediamines have not yielded octahydro- 
indolocarbazoles with either chloro- or hydroxy-cyclohexanone. 

In view of the many interesting substances that have been obtained by nitrating and 
brominating tetrahydrocarbazole and its 9-acyl derivatives (e.g., by Perkin and Plant, 
J., 1923, 676; Plant and Tomlinson, /., 1931, 3324; 1933, 995; 1950, 2127) and of the 
ready formation of tetrahydrocarbazolyl hydroperoxide which undergoes many reactions 
(Beer, McGrath, and Robertson, /J., 1950, 2118), the chemistry of octahydroindolocarb- 
azoles calls for investigation. The preparation of N-acetyl derivatives has proved surpris- 
ingly difficult, and preliminary experiments on the bromination of (IV; R = H) have not 
yielded crystalline material. It appears that (IV; R =H) and (IV; R= Me) form 
hydroperoxides, the latter very rapidly. Their solutions darken in air, alcoholic solutions 
develop a green fluorescence, and benzene solutions, which liberate iodine from potassium 
iodide when fresh, soon deposit sparingly soluble amorphous material that does not oxidise 


potassium iodide. 
EXPERIMENTAL 

7-Methyl-2 : 3: 4’: 5’-tetraphenylpyrrolo(2’ : 3’-4 : 5)indole-—Concentrated hydrochloric acid 
(10 drops) was added to a mixture of 4-methyl-m-phenylenediamine (6-0 g.) and benzoin (22 g.) 
at 150° and after evolution of steam had subsided the temperature was raised to 200° during 
30 min. Recrystallisation from ethyl acetate gave 7-methyl-2:3: 4’: 5’-tetraphenylpyrrolo- 
(2’ : 3’-4 : 5)tndole (17 g.) as colourless needles, m. p. 227—-230°, containing solvent of crystallis- 
ation (Found: C, 83-6; H, 6-0; N, 4-7. C;;H.N2,C,H,O, requires C, 83-3; H, 6-0; N, 5-0%). 
Heating to constant weight at 160°/0-01 mm. gave the solvent-free compound, m. p. 234° (Found : 
C, 88-4; H, 5-6; N, 5-6. C,;H,.N,. requires C, 88-6; H, 5-5; N, 59%). This substance 
(5 g.) was boiled with acetic anhydride (20 c.c.) and sulphuric acid (1 drop) for 2 hr. Water 
precipitated a solid which was recrystallised from alcohol (twice) and gave 6-acetyl-7-methyl- 
2:3: 4’: 5’-tetraphenylpyrrolo(2’ : 3’-4: 5)indole as needles, m. p. 248°, containing solvent of 
crystallisation (Found: C, 83-1; H, 6-0; loss in vacuo at 160°, 8-3. C3,;H,,ON,,C,H,O requires 
C, 83-2; H, 6-0; C,H,O, 8-3%). This acetyl compound was unaffected by boiling alcoholic 
potassium hydroxide (10%) during 3 hr. The indole was unaffected by acetic anhydride in 
the absence of sulphuric acid. 

7-Acetyl-2: 3:4’: 5’-tetraphenylpyrrolo(2’ : 3’-4: 5)indole.—(a) The tetraphenylpyrroloindole 
(5 g.) was boiled with acetic anhydride (25 c.c.) and sulphuric acid (2 drops) for 12 hr. and, 
on cooling, solid (4:2 g.) was collected. (Boiling for 18 hr. or using camphorsulphonic for 
sulphuric acid produced similar results. In the absence of a catalyst the starting material was 
unchanged.) (i) Repeated recrystallisation from alcohol and then acetic acid finally gave a 
small quantity of yellow needles, m. p. 236—-238°, unaffected by alcoholic potassium hydroxide. 
(ii) The crude acetylated material was refluxed with alcoholic potassium hydroxide (10%) for 
6 hr., dried, and 0-45 g. in benzene (30 c.c.), was passed down an activated-alumina column. 
Development with benzene gave a lower yellow band that was eluted with acetone. After 
removal of solvent, the dried residue was recrystallised (twice) from glacial acetic acid from 
which it separated as yellow needles, m. p. 234—-236°, not depressed by admixture with the 
above, or with an authentic specimen {see below) of 7-acetyl-2:3: 4’ : 5’-tetraphenylpyrrolo- 
(2’ : 3’-4:: 5jindole, m. p. 236—238°. In each specimen the crystals contained acetic acid of 
crystallisation, detectable with litmus paper on melting (Found: C, 83-2; H, 4:8; N, 4-8. 
C3gH2gON2,4C,H,O, requires C, 83-4; H, 5-2; H, 5-2%). 

(b) 2: 4-Diaminoacetophenone (0-09 g.) and benzoin (0-25 g.) were heated with hydrochloric 
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acid (1 drop) at 180° for 15 min., water being evolved. Recrystallisation of the product from 
acetic acid (twice) afforded 7-acetyl-2: 3: 4’: 5’-tetraphenylpyrrolo(2’ ; 3’-4: 5)indole as pale 
yellow needles, m. p. 236—238°, identical with the above and containing acetic acid of 
crystallisation. 

2 : 4-Diaminoacetophenone.—-2-Amino-4-nitroacetophenone (1-08 g.) in alcohol (200 c.c.) with 
a little Adams catalyst was shaken in hydrogen until absorption ceased (15 min.; 420 c.c.; 
3H, requires 380 c.c.). The solvent was evaporated and the residue was extracted with ether, 
on removal of which 2 : 4-diaminoacetophenone remained. It crystallised from light petroleum 
(b. p. 100-——120°) as colourless needles, m. p. 129-5—130-5° (Found: C, 64:0; H, 6-7. C,H,,ON, 
requires C, 60-4; H, 6-7%). 

2-Amino-4-nitroacetophenone was prepared from l-acetyl-2: 3-dimethylindole (Schofield 
and Theobald, J., 1949, 796) but it was found that the nitroindole was more readily obtained by 
nitration of 9-acetyl-2 : 3-dimethylindole (Plant and Tomlinson, /., 1933, 955) than from the 
cyclisation of the m-nitrophenylhydrazone employed by these authors. 

Condensaiton of Aromatic Amines with 2-Hydroxycyclohexanone.—The amine (2 g.) was 
mixed with a molecular proportion of 2-hydroxycyclohexanone and a trace of hydrochloric acid 
and heated in an oil-bath as shown in the Table. 


Amine Temp. Time (min.) Carbazole deriv. produced M. p. Yield (%) 
Aniline ............. 140—160 20 Tetrahydro- 116—117 70 
o-Chloroaniline ...  150—160 5 8-Chlorotetrahydro- 54—55 81 
p-Chloroaniline ... 155—165 10 6-Chlorotetrahydro- 137 37 
o-Toluidine ......... 145—155 5 Tetrahydro-8-methyl- 94—97 77 
p-Toluidine ......... 150—160 5 Tetrahydro-6-methyl- 141—142 55 
m-Toluidine ....... 150-—160 10 Mixture — — 
Anthranilic acid... 145—170 20 8-Carboxytetrahydro- 195—197 23 
p-Anisidine ......... 145—165 8 Tetrahydro-6-methoxy- 104—106 12 
m-Aminophenol ... 140—160 10 * Tetrahydro-7(or 5)-hydroxy- 163-—164 55 


* Colourless needles from aqueous alcohol (Found: N, 7-5. C,,H,,ON requires N, 7:5%). 


p-Nitroaniline, heated with an equivalent of 2-hydroxycyclohexanone at 140—160° for 5 
min., afforded yellow needles (2-3 g. from alcohol), m. p. 133° (Found: C, 62-1; H, 6-1; N, 11-5. 
C,.H,4O,N, requires C, 61:6; H, 6-0; N, 11-9%), which were p-nitro-N-2-oxvocyclohexylaniline 
or N-2-hydroxycyclohexylidene-p-nitroaniline. o- and m-Nitroaniline gave tars. 

5:6:7:8:4': 5’: 6: 7’-Octahydro-3-methylindolo(3’ : 2’-1 : 2)carbazole.—4-Methyl-m-phenyl- 
enediamine (2-5 g.), 2-hydroxycyclohexanone (5-5 g.), and hydrochloric acid (2 drops) were 
heated at 150—175° for 15—20 min. The cooled product was extracted with cold benzene 
(75 c.c.), and the filtered solution was rapidly evaporated, avoiding contact with air as far as 
possible. Recrystallisation of the residue from acetone in an air-tight flask afforded 
5:6:7:8:4': 5’: 6: 7’-octahydro-3-methylindolo(3’ : 2’-1: 2)carbazole (2-6 g.) as colourless 
plates, m. p. 78—80°, containing acetone of crystallisation (Found: C, 76-1; H, 8-4; N, 7-2. 
C,,H,.N2,2C,H,O requires C, 76-1; H, 8-6; N, 7-1%). Sublimation in vacuo at 180° gave the 
solvent-free octahydromethylindolocarbazole, m. p. 187° (Found: C, 81-8; H, 7-9; N, 10-2. 
C,,H.N, requires C, 82:0; H, 7-9; N, 10-19%). Acetylation was attempted by boiling this 
(2-5 g.) with acetic anhydride (12-5 c.c.) and sulphuric acid (1 drop) for l hr. The small amount 
of solid that separated on cooling was recrystallised (twice) from acetic acid, and a dtacetylmethyl- 
octahydroindolocarbazole (20 mg.) was obtained as dark green needles, m. p. 255° (Found: 
C, 76:0; H, 7-4. C,,H,,O,N, requires C, 76:2; H, 7:2%). 

5:6:7:8:4': 5’: 6’: 8’-Octahydroindolo(3’ : 2’-1 : 2)carbazole.—This was prepared from 
m-phenylenediamine as above, with heating at 140°—160° for 5—15 min. until effervescence 
ceased. Extraction with boiling acetic acid gave the octahydroindolocarbazole (yield, 17—30%), 
m. p. 225-—-227°, not depressed by admixture with a specimen, m. p. 228°, prepared by Tomlinson 
(loc. cit.). The product (2 g.) was boiled with acetic anhydride (17-5 c.c.; freshly distilled) for 
Shr. The solid that separated on cooling had m. p. 251—258°, raised by repeated recrystallis- 
ation from acetic acid to 259—260-5° (Found: C, 77-6; H, 7-4. Calc. for C,>H,,ON,: C, 78-4; 
H, 7:2. Calc. for CygH,gO,.N,: C, 75:8; H, 6-99). When boiled with alcoholic potassium 
hydroxide it was reconverted into the original octahydroindolocarbazole, m. p. 223—226°, 
alone or mixed with the starting material. In the presence of a trace of sulphuric acid acetic 
anhydride afforded an intractable product. 


Dyson PERRINS LABORATORY, OXFORD. [Received, August 20th, 1953.] 
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838. The Chemistry of Bivalent Germanium Compounds. Part IV.* 
Formation of Germanous Salts by Reduction by Hypophosphorous 


Acid. 
By D. A. Everest. 


By reducing an acid solution of germanium dioxide with the mini- 
mum amount of hypophosphorous acid, a complex iodo-hypophosphite, 
3Ge(H,PO,),,Gel,, germanous phosphite, GeHPO,, and a germanous phos- 
phate, Ge,(PO,),,2GeHPO,, have been isolated. Only compounds derived 
from the halogen acids or oxyacids of phosphorus can be obtained by this 
method. In the course of this work germanic di(hydrogen phosphate) has 
been isolated, and evidence obtained of the existence of germanic hypo- 
phosphite. Although the Ge** ion probably occurs in crystalline germanous 
salts, it is doubtful if this ion can occur in solution. 


By reducing a solution of quadrivalent germanium in excess of halogen acid with hypo- 
phosphorous acid, germanous iodide (Inorg. Synth., 3, 63) and the complex salts 
Ge(H,PO,),,GeCl, and 3Ge(H,PO,),,GeBr, (Part II, /., 1952, 1670) have been isolated. 
The following work was undertaken to establish how far this procedure was applicable 
as a general method for the preparation of germanous salts in the presence of acids other 
than the halogen acids, particularly as the simple process of making these salts by 
dissolving hydrous germanous oxide in the required acid was not satisfactory. This was 
due both to the ease of oxidation of the oxide and to the low solubility of its more 
deeply coloured forms (Latimer and Jolly, J. Amer. Chem. Soc., 1952, 74, 5751), 
hydrous germanous oxide always containing a proportion of these coloured, less active, 
forms. 

There were three main requirements for this method. First, the acid used must be 
resistant to reduction by hypophosphorous acid or bivalent germanium; secondly, it must 
be sufficiently strong to prevent hydrolysis to hydrous germanous oxide; thirdly, it must 
not form stable complexes with quadrivalent germanium. For example, citric, oxalic, and 
tartaric acids, which do form such complexes, prevent reduction of quadrivalent 
germanium with hypophosphorous acid unless a large excess of hydrochloric or hypo- 
phosphorous acid is present. These three conditions restricted the choice to the oxyacids 
of phosphorus and to the already established halogen acids. 

In all the work described below an inert atmosphere was not found essential, although 
contact of bivalent germanium solutions with the air must be kept to a minimum. 

Halogen Acids.—With hydrochloric or hydrobromic acid attempts to prepare the simple 
halides failed; Ge(H,PO,),,GeCl, and 3Ge(H,PO,),,GeBr,, the only products obtained, 
are apparently less soluble than the simple halides. With hydriodic acid, germanous 
iodide was obtained unless the amount of hydriodic acid was limited, whereupon the new 
complex salt 3Ge(H,PO,).,GelI, (m. p. 120°) was formed. As with the bromo-compound, 
no 1: 1 double salt was isolated. The conditions expected to favour its formation resulted 
in precipitation of germanous iodide. The properties and reactions of 3Ge(H,PO,),,Gel, 
closely resembled those of 3Ge(H,PO,).,GeBry. 

Phosphorous Acid.—By reducing germanium dioxide with hypophosphorous acid in 
excess of phosphorous acid, germanous phosphite, GEHPO,, was obtained. The com- 
pound Ge(H,PO,), was not formed, even with a large excess of phosphorous acid. 
Germanous phosphite was also isolated on carrying out reduction in a mixture of 
phosphorous and 2n-halogen acids; no double salts between germanous phosphite and 
the germanous halides were obtained. The formation of Ge(H,PO,),,GeCl, and of 
3Ge(H,PO,),,GeBr, in the latter experiments was precluded by using the minimum 
stoicheiometric amount of hypophosphorous acid for reduction. 


* Part III, J., 1953, 660. 
SF 
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The reduction of germanium dioxide with hypophosphorous acid can be formulated 
as GeO, 4+- H,PO, = GeHPO, + H,O, phosphorous acid not reducing quadrivalent 
germanium. As this equation indicates, germanous phosphite could also be isolated from 
the solutions formed by heating germanium dioxide alone with hypophosphorous acid, 
precipitation being slow and incomplete. This reaction sometimes resulted in formation 
of germanous phosphite during the preparation of other germanous salts by the present 
method. 

Germanous phosphite was soluble in warm dilute or concentrated halogen acids, hypo- 
phosphorous or phosphoric acid, but was sparingly soluble in phosphorous acid. It was 
insoluble in dilute sulphuric acid, glacial acetic acid, formic acid, and organic solvents. 
Decomposition to germanium dioxide occurred with warm concentrated sulphuric or 
nitric acids, and alkalies caused hydrolysis to hydrous germanous oxide. When heated in an 
open capillary tube it decomposed, without melting, at approximately 230°, and blackening 
occurred above 300°. In all these properties germanous phosphite closely resembled 
stannous phosphite, SnHPO,; e.g., stannous phosphite was insoluble in water or organic 
solvents, soluble in mineral acids, hydrolysed by alkali to stannous oxide, and decomposed 
at approximately 320—330°, leaving a black residue (Everest and Rich, unpublished 
work). 

Phosphoric Acid.—A mixed germanous monohydrogen tertiary phosphate, 
Ge,(PO,),2GeHPO,, has been obtained by addition of alkali toa hot phosphoric acid solution 
of bivalent germanium freshly reduced with hypophosphorous acid. This was the only 
compound isolated even when the rate of addition of alkali, the temperature of precipit- 
ation, or the concentration of the phosphoric acid was varied. Precipitation of 
Ge,(PO,).,2GeHPO, was always incomplete but was favoured by high temperatures. 
This resembled the behaviour of the manganous monohydrogen tertiary phosphate (penta- 
manganous dihydrogen tetraphosphate), Mn,(PO,).,2MnHPO,,5H,O, which only crystal- 
lised from phosphoric acid at temperatures above 50° (Salmon and Terrey, J., 1950, 2813). 
If excess of alkali was added to these incompletely precipitated germanous phosphate 
solutions, hydrous germanous oxide was only slowly precipitated. This was similar to 
the behaviour observed with solutions of the complex tartrate of bivalent germanium 
(Robinson, Ann. Reports, 1944, 41, 112) and indicated that germanous phosphate was 
complex in phosphoric acid solution. 

Ge,(PO,).,2GeHPO, was insoluble in, and slowly hydrolysed by, water; with alkali, 
rapid hydrolysis to hydrous germanous oxide occurred. It dissolved readily in halogen, 
hypophosphorous, and phosphoric acids. If dry, it was stable in air, one sample showing 
no appreciable oxidation after 72 hr. in dry air. In all these properties it resembled the 
stannous orthophosphates (Jablczynski and Wieckowski, Z. anorg. Chem., 1926, 152, 207). 
On heating, Ge,(PO,).,2GeHPO, melted at a dull red heat. 

Salts of Quadrivalent Germanium.—During this work germanic di(hydrogen phos- 
phate) was obtained as an anhydrous crystalline precipitate by dissolving activated 
germanium dioxide in phosphoric acid, GeO, + 2H,PO, [™ Ge(HPO,), + 2H,O. It 
was easily hydrolysed, being decomposed on washing, and it was not possible to isolate a 
completely pure specimen. Germanic di(hydrogen phosphate) dissolved completely in 
hot water, hydrolysis being complete; it was easily soluble in phosphoric acid, and in 
hypophosphorous acid with reduction. Germanic di(hydrogen phosphate) was usually 
obtained as an intermediate during the preparation of germanous phosphate. 

An impure sample of germanic hypophosphite, Ge(H,PO,),, has been obtained by 
prolonged heating of germanous iodide with 90°, hypophosphorous acid in good contact 
with the air so that oxidation could freely take place. The chief impurity appeared to be 
germanic phosphite resulting from the oxidation of hypophosphorous to phosphorous acid, 
this oxidation being catalysed by the cyclic reduction and oxidation of the germanium 
present. Like the phosphate, germanic hypophosphite was readily hydrolysed by water. 
Germanic hypophosphite decomposed at ca. 170—180°. 

If activated germanium dioxide was dissolved in 35°/, phosphorous acid a heavy white 
precipitate quickly separated. This precipitate was not further investigated, but it 
indicated the probable existence of germanic phosphite. 
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EXPERIMENTAL 


Analytical Procedures.—Total germanium. This was determined iodometrically as previously 
described (Part II, Joc. cit.). For accurate results three additional precautions should be taken. 
First, the hydrochloric acid solution of quadrivalent germanium must not be rapidly heated 
initially, otherwise germanium tetrachloride may be volatilised. Secondly, the amount of 
hypophosphorous acid must be strictly controlled (not above 0-3-—0-35n) ; thirdly, the solution 
must be under 20° when titrated, otherwise the iodine and the hypophosphorous acid interact. 

Reduction equivalent and bivalent germanium. Inthe absence of halogens, bivalent german- 
ium and lower oxyacids of phosphorus were determined by titration with potassium. 
permanganate (Everest, J., 1951, 2903). 

Phosphorus. The sample was dissolved in sodium hydroxide—hydrogen peroxide mixture, 
and the resulting solution acidified with nitric acid; the phosphate was then determined 
gravimetrically with ammonium molybdate. Germanium did not interfere, presumably owing 
to the high solubility of germanomolybidic acid (Schwarz and Giese, Ber., 1930, 63, 2428). 
With hypophosphites, the sample was dissolved in hydrochloric acid and the hypophosphite 
oxidised to phosphate with bromine; hydrochloric acid was then evaporated off. 

Halogen. ‘This was determined as previously described (Part IT, loc. cit.). 

Activated Germanium Dioxide.—This was prepared by dissolving the normal oxide in 10N- 
sodium hydroxide, diluting ten-fold, acidifying with the same acid as used in the subsequent 
reaction, and finally neutralising with ammonia. The solution was left for 2—3 hr. to complete 
precipitation, and the activated oxide filtered off, washed with water, and air-dried. 

Double Salt, 3Ge(H,PO,).,GeI,.—This salt (m. p. 120°) was prepared by heating activated 
germanium dioxide (0-5 g.) with 30% hypophosphorous acid (10 ml.) under reflux for 1 hr.; 
57% hydriodic acid (1-5 ml.), decolorised by warm 15% hypophosphorous acid (1-5 ml.), was 
then added; on cooling, crystals separated. Alternatively, germanous iodide (2-0 g.) was 
dissolved in 30% hypophosphorous acid (9 ml.); on cooling, crystals separated. These were 
washed with dilute hypophosphorous acid, absolute alcohol, and ether, and dried in a vacuum 
at room temperature [Found: Ge (total), 31:2; I, 27-6; P, 20-5. 3Ge(H,PO,),,GeI, requires 
Ge, 31-1; I, 27:2; P, 19-9%]. 

Germanous Phosphite.—Activated germanium dioxide (0-4—1-0 g.) was dissolved in a warm 
solution of phosphorous acid (1-5 g.), 50% hypophosphorous acid (0-5—1-5 ml., to maintain an 
equimolecular ratio of germanium dioxide to hypophosphorous acid), and water to a total 
volume of 5 ml.; these quantities gave a variable ratio of germanium to phosphorous acid. 
After any insoluble material had been filtered off, the solution was heated to 100° for 90 min. ; 
a crystalline precipitate was formed together with a yellowish-green mother-liquor. With the 
lower germanium concentrations, precipitation occurred only on cooling. The germanous 
phosphite crystals were washed with a little water and absolute alcohol and dried in a vacuum 
at room temperature [Found: Ge (total), 47-6%; reduction equiv., 37-6. GeHPO, requires 
Ge, 47:6%; reduction equiv., 38-15}. The experiments with halogen acids were conducted 
similarly, with use of activated germanium dioxide (0-5 g.), 2N-hydrochloric or -hydrobromic 
acid (4-5 ml.), phosphorous acid (1-5 g.), and 50% hypophosphorous acid (0-6 ml.) [Found : Ge 
(total), 47-7%]. 

Germanium Dioxide-Hypophosphorous Acid Reaction.—Activated germanium dioxide (0-6 g.) 
was heated with 25% hypophosphorous acid (5 ml.) for 90 min., and a yellowish-green solution 
was formed; on cooling for 12 hr., 0-08 g. of crystals separated [Found: Ge (total), 47-5%]. 
This solid had the reactions and properties of germanous phosphite. 

Germanous Phosphate, Ge,(PO,),,2GeHPO,.—This salt was prepared by heating activated 
germanium dioxide (0-5 g.) with 4-5—7-5m-phosphoric acid (10 ml.) and 50% hypophosphorous 
acid (1-5—2-5 ml.) under reflux for 30 min.; 3N-sodium hydroxide (4—8 ml.) was then added, 
with stirring, to the hot sclution (temperature varied, 50—100°), whereupon a precipitate 
formed. Typical results were : 


H,PO,, M Wash liquid Ge(11), % PO,, % Ge: PO, 
4-5 — 46-3 51-05 1: 0-84 
4-5 * 5 Ml. EtOH 48-1 52-1 1 : 0-83 
T6* 1 Ml. H,O, 5 ml. each EtOH and Et,O 48-7 t 50-9 1: 0-80 


Ge;(PO,).,2GeH PO, requires Ge, 48-7; PO,, 510%. 


* Dried in vacuo. + Total germanium estimated. 
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Germanic Di(hydrogen Phosphate).—This salt was obtained by dissolving activated 
germanium dioxide (0-5 g.) in 4-5—5m-phosphoric acid (10 ml.) and heating under reflux for 
§ min.; the crystals which separated were sucked as dry as possible, rapidly washed with 
alcohol and ether (5 ml. each), and dried in vacuo. Results were : 


H;PO,, M Ge, % PO,, % Ge: PO, H,PO,, M Ge, % PO,, % Ge: PO, 
3 27-1 68-0 1: 1-92 5 28-4 68:8 1: 1-85 * 
4-5 27:1 69-0 1: 1-95 Y | 27: - —- 
4°5 26-4 67:4 1: 1-95 


Ge(HPO,), requires Ge, 27-4; PO,, 71-8%. 
* Washed with 2 ml. of water in addition to alcohol and ether. These results illustrate the ease 
of hydrolysis of this phosphate. 


Germanic Hypophosphite.-—Germanous iodide (1-0 g.) was heated for 2 hr. at 100° with 90% 
hypophosphorous acid (10 ml.) in a shallow basin with stirring; this ensured good contact with 
the air. After cooling, germanic hypophosphite was precipitated with alcohol [Found: Ge, 
21:0%; reduction equiv., 22:9. Ge(H,PO,), requires Ge, 21-8%; reduction equiv., 20-8). 


DISCUSSION 


Bivalent Germanium.—Evidence that the Ge** ion can occur in the solid state has been 
adduced by Powell and Brewer (/., 1938, 197), who observed that germanous iodide had 
the cadmium iodide crystal structure. It seems probable that the Ge** ion can also occur 
in other crystalline germanous salts such as the phosphite, which is similar to the salt-like 
stannous phosphite, and germanous phosphate, which resembles not only the stannous 
phosphates, but the manganous phosphates also. However, as observed in Part II 
(loc. cit.), there is no evidence for the existence of the uncomplexed Ge** ion in solution. 
The only aqueous solvents known for bivalent germanium compounds are the halogen 
acids, hypophosphorous and phosphoric acids; in all these solvent bivalent germanium 
complexes are known to be present (Parts II and III, docc. cit.; present paper, p. 4118). 
The Ge** ion does, however, appear as an intermediate in the oxidation or reduction of 
bivalent germanium at the dropping mercury electrode in hydrochloric or hypophosphorous 
acids (Part III). Latimer (‘‘ Oxidation Potentials,” 2nd. edn., p. 147) has suggested that 
the uncomplexed Ge** ion would spontaneously disproportionate in aqueous solution. 
The existence of bivalent germanium in solution probably depends, therefore, upon the 
germanium’s being in complex form. 

Quadrivalent Germanium.—The only oxy-salts of quadrivalent germanium known 
hitherto were the sulphate (Schwarz, Schenk, and Giess, Ber., 1931, 64, 362) and the 
acetate (Schmidt, Blohm, and Jander, Angew. Chem., 1947, 59, 233); they could be made 
only under anhydrous conditions and were completely hydrolysed by water. It appears 
that germanium dioxide is too weak a base for its salts to exist in aqueous solution. This 
is illustrated by Pugh’s solubility measurements (/., 1929, 1537) which showed no combin- 
ation between germanium dioxide and sulphuric acid up to 16N. That germanic mono- 
hydrogen phosphate and hypophosphite can be prepared from aqueous solution is due to 
their insolubility and/or the probable complex nature of their solutions in excess phosphoric 
or hypophosphorous acids. The solubility of germanium dioxide in halogen acids is due 
to formation of complex anions GeHal;~ and GeHal,~~, simple halides only resulting on 
breaking down these complexes by volatilisation or crystallisation. 


The author thanks the Chemical Society for a grant from the Research Fund. 
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839. The Cyanogen Halides. Part I. A Comparison with the 
Interhalogen Compounds and Nitrosyl Halides. 


By A. A. Woo-r. 


The conductivities of the liquid cyanogen halides, and their reactions 
with metals and organic compounds in the absence of a solvent, are explained 
in terms of their dissociations to free halogens. Part of the conductivity of 
the liquid cyanogen halides is due to self-ionization, and attempts to stabilize 
this ionization by polyhalide formation are described. 


Stunts of the cyanogen halide structures by chemical methods have often led to contra- 
dictory results. The main controversy has turned on their nitrile or tsonitrile structure. 
Electron-diffraction and microwave-spectral studies, however, have settled unequivocally 
the linear X—C-N structure in the gas phase, and an X-ray diffraction study the molecular 
lattice of at least cyanogen iodide in the solid state (Beach and Turkevich, ]. Amer. Chem. 
Soc., 1939, 61, 299; Schulman and Dailey, Phys. Review, 1950, 78, 145; Ketelaar and 
Zwartsenberg, Rec. Trav. chim., 1939, 58, 558). Now that the structures are definitely 
established it is of interest to correlate structure with reactivity in contrast to the reverse 
procedure of earlier investigators. Fairbrother (J., 1950, 180) has already shown that the 
reactions of cyanogen halides in solution are explicable by a solvolytic ionization, and that 
the different behaviour of cyanogen chloride and iodide is not due to any structural differ- 
ence in the free molecules, but to the solvent-solute interaction. In contrast, some of 
the reactions of cyanogen halides in the absence of a solvent are here considered, and it is 
shown that they are governed by the dissociation of the halides, rather than by their 
ionizations. The binary interhalogen compounds and nitrosyl halides react similarly and 
a comparison is included. 

The possibility of ionic reactions in the absence of solvent, brought about by ionic 
species present in the liquid cyanogen halides, cannot be neglected. The ionization of 
related groups of halides should be related to the bond strength directly concerned, the ease 
of ionization decreasing with bond order. The direction of polarity is not considered at 
this stage. The relevant bond lengths are collected in Table 1. 


TABLE 1. Calculated and experimental bond lengths of halides. 
Bond length, A 


Compound Bond Sum of single-bond covalent radii, A Exptl., B A—B* 
ICl I-Cl 2-32 2-32 M_ 0-00 
FCI F-Cl 1-63 1-63 M_~ 0-00 
BrF Br-F 1-78 1-76 M —0-02 
NOCI N-Cl 1-69 1-95 E —0-26 
NOBr N-Br 1-84 2-14 E —0-30 
CNCl C-Cl 1-76 1-63 M 0-13 
CNBr C-Br 1-91 1-79 M 0-12 
CNI C-I 2-10 2-00 M 0-10 
* M = Microwave data. E = Electron-diffraction data 


The calculated single bond lengths are taken from either Sidgwick, ‘‘ The Chemical Elements and 
their Compounds,” Oxford University Press, 1950, or Wells, ‘‘ Structural Inorganic Chemistry,” 
Oxford University Press, 1950. 

It can be seen that with the interhalogen compounds the links are normal single bonds, 
the mean of the component halogen radii. In the cyanogen halides, however, the carbon— 
halogen bond is appreciably shorter than the single-bond length, and the bond order is 
greater than unity. The opposite holds with the nitrosyl halides, although it should be 
remembered that these molecules are not linear. One might therefore expect ionization 
to increase in the order cyanogen halides, interhalogen compounds, nitrosyl] halides. 

It is possible to assess the ionization of substances by comparison of their conductivities 
in the liquid state if the differences in ionic mobility are of lower order than the differences 
in the conductivities. In Table 2 the available conductivity values are given to the nearest 
power of 10. The fact that these figures do not substantiate the simple relation between 
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ionization and bond order may be due to neglect of intermolecular in comparison with 
intramolecular forces. The conductivity values, however, are not those of pure compounds. 
The maximum dissociation can be calculated from the available thermodynamic data. The 
values for the interhalogen compounds are taken from Greenwood (Rev. Pure Appl. Chem. 
Australia, 1951, 1, 84), and other values from ‘‘ Selected Values of Thermodynamic Con- 
stants ’’ (National Bureau of Standards, 1952), except that of cyanogen bromide, for which 


TABLE 2. Conductivities of halides. 


Com- k x 10%, Temp. of Com- x. x. 20%, Temp. of 

pound ohm !cm.! measurement M. p. pound ohm ™'cm.! measurement M. p. 
NOCI! ] — 20° —64° CNCI 1 0° —6-5° 
ICI 2 1000 35 27 CNBr 100 58 52 
IBr* 100 40 36 CNI 1000 150 146 


1 Burg and Campbell, J. Amer. Chem. Soc., 1948, 70, 1964. * Cornog and Karges, ibid., 1932, 
54, 1882. * Bruner and Beckier, Z. Elektrochem., 1912, 18, 368. 


the heat of formation is assumed to be the mean of the values for the iodide and the chloride. 
More recent data on the heats of formation of the cyanogen halides will be discussed in a 
forthcoming publication, but the old values are employed, it being borne in mind that 
errors of an order of magnitude of 1—2 kcal. are possible. 

The values are summarized in Tables 3 and 4. The most obvious difference between 
the interhalogen halides and the nitrosyl and cyanogen halides is the large positive value 
for the free energy, with respect to the elements, of the latter compared with the small 
negative values of the former. The free-energy values with respect to the halogen and 
pseudo-halogen reduce this large difference, and negative values are obtained for the 
dissociation energies of nitrosyl halides. With the cyanogen halides, however, only the 
chloride has a negative value; both the iodide and the bromide at equilibrium are con- 
siderably dissociated. 


TABLE 3. Heats of formation and free energies of halides formed from elements in 
their standard states at 25° (kcal./mole). 


Compound AH AG Compound AH AG 
CNI (g) 54-6 47-7 ICI (g) — 331 — 3-71 
CNI (s) 40-4 42-6 ICI (s) — 8-04 — 3-25 
CNCI (g) 34:5 32-9 BrCl (g) — 68 — 12 
NOCI (g) 12-75 15-86 FCI (g) —12-3 —12-6 
NOBr (g) 19-56 19-70 FBr (g) —17-0 —17:4 
1Br (g) — 1-38 — 1-79 
TABLE 4. Free energies of dissociation of halides at 25° (kcal./mole). 
Equilibrium AG logy, K 
ICN (g) === 41, (g) =F 5-6 
ICN (s) === $I, (s) —7-2 5:3 
BrCN (g) === 4Br (g —49 3°6 
CNCI (g) === 4Cl, (g) - 2-5 —1:8 
NOCI (g) =—™ NO (g) + 4-86 —3-57 
NOBr (g) === NO (g 1-02 —0-74 
Calc. using AG for NO 20-7 oo 


The free energies of dissociation of the interhalogen compounds are given by the AG values of 
[able 3 with the sign reversed. 


In practice, the equilibria are not attained. Cyanogen iodide and bromide are snow- 
white solids with no trace of free iodine or bromine; when they are molten the amount of 
free halogen as judged by colour is quite small. Even cyanogen chloride is not apparently 
at equilibrium. It can be stored for months over mercury without attacking the metal, 
whereas nitrosyl chloride, with an equilibrium constant 150 times as small, readily attacks 
the metal. This lack of equilibration of the cyanogen halides is in marked contrast with 
that of the other halides, for which the free-energy values calculated from equilibrium 
experiments are in such good agreement with those obtained from combined thermo- 
chemical and spectroscopic data. 
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The conductivity data obtained with the cyanogen halides can now be considered in 
more detail in the light of the above dissociations. The conductivity value obtained for 
cyanogen chloride depended on the drying agent used. Specimens dried by both calcium 
chloride and magnesium perchlorate had higher conductivities than those dried by phos- 
phoric oxide. All values increased with time, but with phosphoric oxide drying, a steady 
value, about 50% greater than the original, was obtained after 10 hours; all fell within the 
range 1—3 x 10° at 0°. Cyanogen bromide, which could not be dried with the pentoxide, 
was dried in the vapour phase over magnesium perchlorate previously dehydrated at 250° 
in vacuo. This treatment is presumably almost as effective as treating molten cyanogen 
bromide with the pentoxide. Even with this drying, however, the conductivity was still 
increasing after 2 days. Cyanogen iodide vapour was also dried by magnesium perchlorate. 
The conductivity increased rapidly on melting, and free iodine, which remained on freezing, 
was liberated. This process could be repeated with a gradual increase in the amount of 
iodine left in the solid. These phenomena are explicable in terms of the dissociation if it 
be assumed that the rate of attainment of equilibrium is a function of the distance from 
equilibrium in the cyanogen halide series. With cyanogen chloride a steady value is 
attained because the maximum dissociation is small, less than 1%. The failure of cyanogen 
bromide to attain a steady value indicates a slow dissociation into bromine and cyanogen, 
as also shown by the final light brown colour of the melt, compared with the initially colour- 
less liquid. A true equilibrium is not attainable because the bromine formed can polymerize 
cyanogen bromide. It is unlikely that any cyanuric bromide formed would increase the 
conductivity of cyanogen bromide. The conductivity of 10°? for cyanogen bromide 
reported by Glockler (Proc. Nat. Acad. Sct., 1926, 12, 522) is that of an obviously impure 
specimen. Cyanogen iodide is so far from equilibrium that iodine is formed continuously. 
The high conductivity may be associated with the high conductivity of molten iodine, 
which is regarded as possessing metallic, in addition to ionic, conduction in the melt. The 
positive temperature coefficients of conduction for both cyanogen chloride and bromide 
indicate that electronic conduction is not here involved. The instability of molten cyanogen 
iodide precludes any measurement of its temperature coefficient. 

The conductivity of the interhalogen compounds must also be considered from the 
viewpoint of dissociation into their constituents. It is known that they readily attain 
their equilibrium state, so it may well be that the extremely reproducible conductivity 
of iodine monochloride, for example, is due not only to the dissociation 2IC] === I* + ICl,~, 
but also to the ionization of dissociated iodine in a solvent (Cornog and Karges, loc. cit. ; 
Fialkov and Goldman, /]. Gen. Chem. U.S.S.R., 1941, 11, 910; Fialkov and Shor, tbid., 
1948, 18, 14; Greenwood and Emeléus, /., 1950, 987). If the iodine were appreci- 
ably ionized, its contribution to the total ionization could be comparable to that from the 
self-ionization of the solvent. With iodine monobromide, the more extensive dissociation 
would be expected to make a greater contribution to the conductivity. In other words, 
the measured conductivities of the interhalogen compounds are greater than the values 
for the “‘ pure ’”’ compounds by an amount which varies with the dissociation ef the com- 
pounds, the ionization of the dissociation products, and the products’ reaction with the 
solvent. 

This dissociation of the halides can affect their reactions in the absence of solvents. 
The reactions of molten interhalogen compounds with metals have been quoted as evidence 
for their mode of ionization. Gutmann, for example, referring to iodine monochloride, 
states that ‘‘ the metal unites with the negative part of the solvent with separation of the 
positive portion ”’ (Z. anorg. Chem., 1951, 264, 169). The implication that an ionic mech- 
anism is operative is doubtful, and it is more reasonable to assume that, with iodine chloride 
and bromide, a molecular halogenation occurs in a direction governed by the relative rates 
of halogenation. This direction can be predicted independently of the mechanism by the 
overall free-energy change and is in the order chloride, bromide, iodide, cyanide. (The 
thermal decompositions of polyhalides follow a similar sequence.) 

Hence, cyanogen iodide should iodinate, and cyanogen bromide brominate, metals, 
even though both can ionize as cyanides (Fairbrother, loc. cit.). This type of reaction was 
attempted with only a few metals, since comparatively few form well-defined cyanides. 
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Although the reactions were complicated by the polymerization of the cyanogen halides no 
cyanide formation could be detected. 

The dissociation of cyanogen bromide may also be involved in its reaction with sodium 
atoms and suggests an alternative explanation to that proposed by Evans and Walker 
(Trans. Faraday Soc., 1944, 40, 384) to explain the small difference in activation energies 
between the ‘‘ sodium flame ”’ reactions of cyanogen bromide and chloride. 

Further examples which can be explained by reactivity of the dissociation products are 
provided by some reactions with organic compounds. Cyanogen chloride and bromide 
do not react with ethylene, but cyanogen iodide forms di-iodoethylene. This has been 
attributed to a direct iodination which can proceed to completion (Mooney and Reid, /., 
1931, 2597). The bromination of benzene and naphthalene above 200°, and of phenol and 
resorcinol at 130°, by means of cyanogen bromide is probably a direct bromination by 
bromine (Merz and Weith, Ber., 1877, 10, 746; Scholl and Norr, Ber., 1900, 33, 1555). 

The conductivity of the cyanogen halides, however, cannot be entirely due to dissoci- 
ation; there must be some self-ionization. Recent work with iodine and nitrosyl chlorides 
has demonstrated their combination with halides of Group I and II elements, or analogous 
radicals, to form compounds which can ionize as “‘ bases,”’ and with halides of Groups III, 
IV, and V to those which can ionize as ‘‘ acids ’’ (Gutmann, Z. anorg. Chem., 1951, 264, 151; 
Burg and McKenzie, J. Amer. Chem. Soc., 1952, 74, 3143). Amphoteric and other be- 
haviours provide exceptions to this generalization. A study was made of the combination 
of cyanogen halides with other halides to see whether ionization could be induced in the 
absence of a solvent. The four ways in which cyanogen bromide can react with alkali 
halides are : 

_M[BrCNBr] . . . (1) _M[CNBrCN] . . . (8) 
CNBr MCN + CNBr 
‘MCN +Br, . . . (2) ‘MBr + (CN)s. . . (4) 


Consideration of the free-energy changes shows that reaction (2) is negligible and reac- 
tion (4) is almost complete, and experiment proves that (4) is the preferred reaction with 
cyanides and that (2) does not occur. This would be convincing evidence for an ionization 
CN*Br- if reaction (1) also occurred, but it is found that two moles of cyanogen bromide 
combine with one of an alkali bromide. [Combination occurred with the bromide of the 
large tetramethylammonium ion but not with potassium bromide. This is usual for 
polyhalide formation although there are exceptions (Duncan and Cremer, J., 1933, 181; 
Emeléus and Sharpe, /J., 1949, 2206).] 

With cyanogen iodide, the reaction of type (2), but with iodides instead of bromides, is 
feasible but (4) should be negligible. In practice, both reactions proceed to some extent. 
In fact, paracyanogen is formed, so calculations based on cyanogen formation can only be 
approximate. Mathewson and Wells (Amer. Chem. J., 1903, 30, 430), however, prepared 
a ‘‘ polyhalide ” CsI,2ICN in aqueous solution from cesium iodide and cyanogen iodide. 
A simultaneous reaction of type (2) must also have occurred because cesium tri-iodide 
crystallized after the first salt had been separated. Cyanogen chloride behaves as expected, 
undergoing reaction of type (4) but not of type (2). Polyhalide formation of type (1) was 
not observed. Results with other halides will be published later. 

Hach and Rundle (J. Amer. Chem. Soc., 1951, 73, 4321) believe that in the penta- 
iodide NMe,I, two iodine molecules are polarized by an iodide ion. The compounds 
NMe,Br,2CNBr and CsI,2ICN may show a similar polarization of the cyanogen halides, 
although the direction of polarization may give anions of different types : 

“CN—Br ,I—CN 
Br-\. and 
‘CN—Br I—CN 

The omission of any reference to cyanogen fluoride is deliberate, for it is doubtful 
whether it has yet been prepared (Cosslett, Z. anorg. Chem., 1931, 201, 75; Ruff, Ber., 
1936, 69, 193). 
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EXPERIMENTAL 


Conductivity Measurements.—Cvanogen chloride. The reaction of chlorine with an aqueous 
solution of potassium zinc cyanide was the most convenient for small-scale preparations of a 
pure product (Held, Bull. Soc. chim. Belg., 1897, 17, 287; Cook and Robinson, J., 1935, 1011; 
Klemenc and Wagner, Z. anorg Chemt., 1938, 285, 427). Zinc sulphate heptahydrate (66 g.) and 
potassium cyanide (60 g.), each in 300 ml. of water, were mixed at 0° in a three-necked flask. 
Chlorine was passed into the vigorously stirred solution through a sintered alundum thimble 
against a head of water until the initial precipitate almost disappeared (about 3 hr.). The flask 


Fic. 1. Conductivity apparatus for cyanogen chloride. 


was then connected in series with drying tubes [CaCl,, Mg(ClO,),] and condensers, and the 
cyanogen chloride removed by heating the flask to 70°. Although the yield is low (60—70%), 
the product is practically pure and free from chlorine. The cyanogen chloride was purified by 
refluxing it over mercury and calcium carbonate—magnesium oxide for some hours and collecting 
a mid-fraction. This fraction was vacuum-distilled into a flask containing phosphoric oxide 
previously heated at 200° 1m vacuo. 

The apparatus shown in Fig. 1 was used for final purification and conductivity measurements. 
The electrodes of the conductivity cell were lightly platinized, and the cell constant was deter- 
mined with N/100-potassium chloride solution. The conductivity water used was freshly 
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prepared by passage of distilled water through mixed ion-exchange resins. The whole apparatus 
was thoroughly out-gassed, cyanogen chloride vacuum-distilled from the storage flask A to 
bulb B, and the whole sealed at E. Cyanogen chloride was then slowly distilled from the solid 
state into C, leaving a residue in B. A more volatile fraction was back-distilled from C to B, 
and the apparatus sealed at F. Similarly, a mid-fraction was collected in D, and the apparatus 
sealed at G. When calcium chloride or magnesium perchlorate was used as drying agent the 
initial conductivities at 0° were about 3 x 10°. The result obtained on using phosphoric oxide 
is given in Fig. 2. The initial conductivity increased from 1-00 to 1:47 x 10%. The average 
temperature coefficient of conductivity (A«/AT)/«, determined when the conductivity was 
constant, was 0-95°% between 0° and 10°. Further purification by fractional freezing did not 
affect these values. 

Cyanogen bromide. This was prepared by adding dropwise a solution of sodium cyanide 
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(85 g.) in water (150 ml.) to bromine (80 ml.) covered with water (50 ml.) during 2 hr. The 
flask was cooled in ice, and the contents were well stirred. With an apparatus affording efficient 
recovery of the bromide the yields were over 90%. To purify the bromide it was melted over 
fused calcium chloride and redistilled at 15 mm. 

The conductivity apparatus was similar to that shown in Fig. 1, with the addition of a 60 x 
2-5 cm. drying tube, filled with magnesium perchlorate previously dried at 180°. Final dehydr- 
ation was at 250-—-251° for 4 hr. in vacuo, the water being frozen out in a liquid-air cooled trap at 
A. This trap was removed in a stream of dry nitrogen, and a trap containing freshly distilled 
cyanogen bromide substituted. The ground joints were fastened with picein wax. The appar- 
atus was evacuated and sealed. The cyanogen bromide was then distilled to and fro between 
traps A and C, the drying tube being kept at 50°. Finally, seal E was closed, and the solid 
fractionated from B to C to D with sealing after each transfer. The traps were constructed of 
thick-walled glass because of the tendency to crack when the condensed cyanogen bromide 
warmed from liquid-air temperatures. (Thin-walled traps could be used with cyanogen chloride.) 
The last trap and cell were then placed in a thermostat, and the molten cyanogen bromide poured 
into the cell. Initial experiments using Pyrex cells with tungsten-wire electrodes gave values 


TABLE 5. Vartation of conductivity of cyanogen bromide with temperature. 

ODD: . acscasens ssvconcsetyscssses. OO 57-3° 55-6° 55-2° 53-9° 52-4° 

i DOPE) sccscs. vie venece 8-87 8-68 8-45 8-43 8-32 8-18 
about 1 x 10 at 56° but this type of cell was too erratic for accurate measurement. When 
platinum electrodes were used in a soft-glass cell without ground joints, the conductivity at 
60-8° was initially 6-43 x 10° but increased to 8-87 x 10° after 43 hr. Since the variation 


Fic. 3. Conductivity apparatus for 
cyanogen todide. 


with time was slow after this period, the temperature dependence was determined with allowance 
for this small decrease of resistance with time. The values are given in Table 5. The linear 
temperature variation between the m. p. and b. p., (A«/AT)/«, was 0-985% on the average. 
The liquid was non-ohmic but gave no definite decomposition potential, so the figures obtained 
are not recorded. 

Cyanogen iodide. <A finely ground mixture of iodine (100 g.) and mercuric cyanide (60 g.; 
20°, excess) was shaken in a I-l. conical flask with dry ether (250 ml.) until the liquid became 
colourless (6 hr.). The solution was filtered, and the ether evaporated. Yields exceeded 90%. 
The iodide was purified from mercury salts by two sublimations. The final purification was 
carried out in the apparatus shown in Fig. 3. The cyanogen iodide was sublimed through 
magnesium perchlorate, dried as described above. Four fractional sublimations brought the 
iodide into C. More volatile fractions collected in the liquid-air-cooled trap A, and less volatile 
fractions were sealed off after each transfer. The sublimation temperature was not allowed to 
exceed 60°. The platinum electrodes in B were silver-soldered to tungsten seals in Pyrex glass. 
With care, the silver solder could be kept from running over the platinum. The length of exposed 
tungsten wasnomorethanl mm. Band C were sealed off as one unit and placed in a thermostat 


TABLE 6. Vartation of conductivity of cyanogen iodide with time. 


Series I. Series IT.* 
2.2. renee | ee 10:5 ‘0-004 0-044 0-24 1-80 3:38 595 7:34 9-17 10-3 
Time (min.) ...... 5 9 11 0 1 1-5 2 3 4:5 7 9-5 ll 


* Series II was recorded with same specimen 30 min. later. 


at 150° + 0-1°. The results given in Table 6 record the variation of conductivity with time 
after the cell was placed in the thermostat. It was shown that the small volume of liquid 
required for the cell (3 ml.) reached temperature equilibrium within 4° in 3 min., so the variations 
recorded after this time are not due to temperature changes. 


hor 
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Reactions with Metals.—Cyanogen bromide and the metal were heated in sealed tubes, the 
bromide was removed in vacuo, and the residue examined. Mercury was unaffected after 12 hr.’ 
heating at 120°. With silver there was no apparent attack after one day at 120° but reaction 
started on heatingina flame. The white residue was extracted with benzene to remove cyanogen 
bromide and its trimer, and the silver halide or halides formed were extracted with ammonia 
from unchanged silver. The extract was acidified and boiled with nitric acid. The absence of 
silver ions in the filtrate showed the absence of silver cyanide. This was confirmed by heating 
the precipitate, obtained by acidifying the ammonia extract, at 350° to decompose silver cyanide. 
Again, the absence of silver showed the absence of silver cyanide. 

Both aluminium and tin were attacked at 120°, the liquid cyanogen bromide being converted 
into a hard brown mass of its polymerization and decomposition products. Aqueous extracts, 
taken after benzene extractions, gave positive tests for bromide ion, showing that some of the 
metal had been brominated. With these metals there are no stable cyanides as there are for 
mercury and silver. 

Cyanogen iodide and silver were heated in a sealed tube at 170° for 12 hr. The excess of 
cyanogen iodide was removed in vacuo at 60°. Cyanuric iodide is not sufficiently soluble in 
organic solvents for effective separation, so a partial separation was effected by flotation on 
water. The heavy silver iodide remained and the suspended matter could be decanted off. 
The residue was extracted with ammonia to remove the halides, and the absence of silver cyanide 
shown as above. 

The formation of mercuric iodide from mercury could be demonstrated more easily. After 
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the reaction at 170° only the base of the tube was kept at this temperature. Iodine and cyanogen 
iodide sublimed to the top of the tube, with a broad band of red mercuric iodide below. This 
band became yellow when heated at 130°, which is just above the transition point of the mercuric 
iodide. The absence of mercuric cyanide in the iodide was shown by the fact that thermal 
decomposition in a sealed tube failed to produce metallic mercury or cyanogen. 

Reactions with Halides.—Cyanogen chloride. Potassium, ammonium, and _ tetramethyl- 
ammonium chloride were insoluble in cyanogen chloride, and after removal of the latter at 30 
cm. were recovered unchanged. Solid tetramethylammonium chloride, exposed to gaseous 
cyanogen chloride at slightly less than atmospheric pressure, failed to absorb any gas during 
2 months. 

Cyanogen bromide. The halides were placed in test-tubes which fitted into boiling-tubes 
containing a 5—10-fold excess of cyanogen bromide mixed with magnesium perchlorate. 

Potassium cyanide. The solid blackened, owing to formation of paracyanogen, but the reac- 
tion was very slow. Only 0-06 mol. of cyanogen bromide was absorbed after 3 months. 

Potassium bromide. Negligible amounts of cyanogen bromide were absorbed after 3 months. 
Direct analysis by an acid thiosulphate titration (Kurtenacker, Z. anorg. Chem., 1921, 116, 243) 
showed an absorption of 0-1%. 

Tetramethylammonium bromide. The bromide was dissolved in liquid cyanogen bromide in 
a sealed tube and, after cooling, the excess of cyanogen bromide was removed in vacuo. The 
residue contained only 53-4% of bromine, far less than for a 1 : 1 compound (Calc. for NMe,Br : 
Br, 52-0. Calc. for CNBr: Br, 75:5%). Reaction in alcoholic solution was no more effective. 
Alcohol was removed by storage over silica gel until crystallisation had occurred. Analysis of 
the crystals showed that negligible amounts of cyanogen bromide were retained. 

The gas-solid reaction, however, produced the compound NMe,Br,2CNBr (Found: Br, 
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64-9; CNBr, 57:1%; equiv., 364. C,H,.N,Br, requires Br, 65-5; CNBr, 57-99%; equiv., 366). 
The results of two such experiments are plotted in Fig. 4, from which the slow approach to the 
1:2 composition can be seen. There is no inflection at the 1:1 stage. The bromine was 
determined by dissolving the substance in dilute nitric acid containing some sulphurous acid, 
and precipitation as silver bromide after removal of hydrogen cyanide. The cyanogen bromide 
content was found by its removal in vacuo. The residue contained 51-7% of bromine. 

Cyanogen todide. Potassium iodide. Iodine was slowly liberated from potassium iodide 
by cyanogen iodide vapour at room temperature. After 80 days a l-g. specimen increased in 
weight by 9mg. Ifthe cyanogen iodide had liberated iodine quantitatively the amount expected 
would be 15 mg. Only 2 mg. of iodine were found by dissolving the residue in water and quickly 
matching the colour with a similar potassium iodide solution and standard iodine. Thus, in 
agreement with Mathewson and Wells’s work (loc. cit.) in aqueous solution, simultaneous liber- 
ation of iodine and absorption of cyanogen iodide occurred. The reaction in alcoholic solution 
is similar : a limited but immediate liberation of iodine occurs on mixing of the initially colourless 
component solutions. 

Tetramethylammonium iodide. A similar iodine liberation occurred which reached 38% 
of the maximum. 

Potassium cyanide. The vapour of cyanogen iodide quickly blackened the cyanide. The 
weight increase on | g. was 9 mg. after 2 months, and the cyanogen content found by the Liebig— 
Denigés method after sulphurous acid reduction was 35:8%. If paracyanogen is formed it 
will not be included in this determination of cyanide. The addition of 8 mg. of cyanogen iodide 
and consequent conversion of 3-1 mg. of cyanogen into paracyanogen gives a calculated cyanogen 
content of 36:2% (Calc. for KCN: CN, 40-0. Calc. for ICN: CN, 16-5%). Thus the reaction 
is not an addition, but a conversion into paracyanogen. 


The above work was carried out during the tenure of a Turner and Newall Fellowship. The 
author is indebted to Dr. F. Fairbrother for his interest and advice. 
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840. Siudies on the Behaviour of Halides of the Transition Metals with 
Ammonia. Part Il1.* The Reaction of Zirconium and Thorium 
T'etrachlorides with Ammonia. 

By G. W. A. Fowtes and F. H. PoLiarp. 

The reaction of zirconium and thorium tetrachlorides with ammonia has 
been studied tensimetrically at —36° and —44°. Whereas zirconium tetra- 
chloride gives an amidochloride, ZrNH,Cl,, thorium tetrachloride forms 
only an addition complex which dissociates into its constituents im vacuo at 
200°. The mechanism of the reaction of ammonia with the Group IVa 
tetrachlorides is discussed and compared with the mechanisms proposed in 
recent analogous “* alcoholysis ’’ studies. 


” 


ZIRCONIUM TETRACHLORIDE has been reported to give a number of complexes with 
ammonia, ZrCl,,xNH,, where x = 8, 6, 4, 3, and 2, although their nature has not been 
studied systematically (Paykull, Ber., 1873, 6, 1467; Mathews, J. Amer. Chem. Soc., 
1898, 20, 82; Stahler and Denk, Ber., 1905, 38, 2611). By thermal decomposition of such 
complexes, Bruére and Chauvenet (Com#t. rend., 1918, 167, 201) produced a nitride, Zr,No. 

The tetrabromide of zirconium is said to form a tetra-ammoniate (Mathews, J. Amer. 
Chem., Soc., 1898, 20, 840) and a deca-ammoniate (Stahler and Denk, Joc. cit.). Young 
(J. Amer. Chem. Soc., 1935, 57, 1195) suggested that the di-imide, Zr(NH),, was formed 
when potassamide was added to a solution of zirconium tetrabromide in liquid ammonia, 
and the potassium salt of this imide was obtained by Bowerman and Fernelius (cbrd.. 
1939, 61, 121) by the addition of potassium metal to its liquid ammonia solution. 

With thorium tetrachloride, Mathews (loc. cit., p. 824) and Stahler and Denk (loc. cit.) 
obtained ammoniates corresponding to those formed by zirconium tetrachloride. Chauvenet 


* Part II, J., 1953, 2588. 
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(Compt. rend., 1910, 151, 387), however, found that thorium tetrachloride gave two series 
of compounds with ammonia: (i) With liquid ammonia, a series of simple addition 
ammoniates were formed, which decomposed i» vacuo, leaving a complex ThCl,,4NH, at 
15°. (ii) With gaseous ammonia, another series of complexes resulted, which, unlike the 
preceding type, were stable to moisture. Chauvenet unfortunately gives neither analytical 
nor tensimetric data to support his formule, and the subsequent thermochemical inform- 
ation he quctes is accordingly of little value. 

A tensimetric investigation of the thorium tetrabromide-ammonia reaction at 0° 
(Young, ]. Amer. Chem. Soc., 1935, 57, 997) shows the existence of a number of ammoniates, 
ThBr,,«NH,, where x = 20, 14, 10 and possibly 8; but it is evident from these pressure— 
composition curves that no ammonium bromide is present, since there is no univariant 
portion corresponding to the known equilibrium NH,Br,3NH, == NH,Br + 3NHsg. 

In this paper we report the results of a tensimetric investigation of the reaction of liquid 
ammonia with zirconium and thorium tetrachlorides, thus completing our studies on the 
ammonolysis of the Group IVa chlorides. 


EXPERIMENTAL 


Zirconium tetrachloride was prepared by the action of chlorine on zirconium at 330°. 
Thorium tetrachloride was made in a similar way from thorium at 800°, a quartz tube being 
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used for this preparation, and both halides were purified by sublimation. Analysis confirmed 
the purity of the products (Found: Zr, 39-0; Cl, 60-1. Calc. for ZrCl,: Zr, 39-1; Cl, 60-9%. 
Found: Th, 63-0; Cl, 37-6. Calc. for ThCl,: Th, 62-1, Cl, 37-9%). The purification of 
ammonia was described in Part I (J., 1952, 4938). 

Tensimetric Studies.—(i) Zirconium tetrachloride-ammonia reaction. Equilibrium pressure— 
composition curves which were obtained at —44° and —36° in the usual way (Part I, loc. cit.) 
These pressures were only fully attained after several days, particularly 
The system was 
The com- 


are produced in Fig. 1. 
over the composition range 19—16 moles of ammonia per mole of ZrCl,. 
assumed to be in equilibrium when no further pressure increase resulted after 24 hr. 
plex remaining after the excess of ammonia had been removed (at the reaction temperature) 
by pumping with a high-vacuum pump for 12 hr., had an overall composition closely approxim- 
ating to ZrCl,,8NHs3. 

ii) Thorium tetrachlovide-ammonia reaction. This reaction was investigated at —36° only; 
the curve obtained is given in Fig. 2. The product remaining after the removal of excess of 
ammonia (at —36°) was shown by analysis to be ThCl,,6NH3. 

Thermal Decomposition of ZrCl4,8NH, and ThCl,,6NH,.—These complexes were decomposed 
in vacuo in a similar manner to that described for NbC1,,9NH, (Part I, loc. cit.), and the resultant 
composition curves are shown in Fig. 3. These curves were fully reproducible in their general 
shape, no matter what quantity of material was used, and irrespective of the time for which it was 
decomposed at any given temperature. 

ZrCl,,8NH, decomposes when heated in this way, giving off ammonia (identified by analysis 
and density) until ZrCl,,2NH, remained at 180°. This complex was further heated above 200°, 
and a white sublimate, shown by analysis to be ammonium chloride, appeared on the cooler 
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parts of the vessel walls. No further gases were liberated until 350°, whereat a huge white 
sublimate formed, which consisted essentially of zirconium tetrachloride, with a slight contamin- 
ation of ammonium compounds. The small quantity of compound remaining unsublimed 
gave an analysis corresponding to Zr: N: Cl = 1: 1-4: 1-8, but only a small quantity of the 
complex was available, so these figures are only approximate. This substance was very reactive, 
taking fire when hydrolysed in the presence of air. The substance formed initially, and all 
products of subsequent decompositions up to 400°, were white, but when heated to 800° in vacuo 
gave a black material containing zirconium and nitrogen, but no chlorine. No quantitative 
analysis of this black material was carried out since the very small amount available was some- 
what contaminated with white hydrolysis products formed when the 350° product was trans- 
ferred to a quartz tube for further heating. 

Only ammonia was evolved when ThCl,,6NH; was heated im vacuo, and at temperatures 
above 200° the complex was completely decomposed into ammonia and thorium tetrachloride, 
and no ammonium chloride was formed. If, however, ammonia was allowed to remain in contact 
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with the thorium tetrachloride at temperatures above 200° rather than trapped out immediately 
in liquid oxygen, a reaction occurred slowly, and ammonium chloride sublimed on to the cooler 
walls of the reaction bulb. 
DIscussION 
In our investigations, zirconium tetrachloride was found to take up 19 moles of ammonia 
initially. The tensimetric curves shown in Fig. 1 have a univariant step corresponding 
to the equilibrium ZrCl,,l9NH, == ZrCl,,16NH, -++- 3NHsz, and calculation of the dissoci- 
ation energy from the equilibrium pressures at —44° and —36° shows it to be approximately 
9-0 kcal./mole—a typical value for ammonia molecules bound by weak ion-dipole forces. 
Over the composition range 16—-12 moles of ammonia per mole of zirconium tetrachloride, 
the curves closely approximate to univariancy, although the pressure is not completely 
constant at the ends of this range. This part of the curve is most likely composite, being 
due largely to the ammonium chloride triammoniate equilibrium, together with some de- 
sorption of ammonia. It is suggested that 3 moles of ammonia are present as NH,C1,3NHsz, 
so one mole of ammonium chloride is formed in the initial reaction. Further ammonia 
which is lost by a bivariant process until ZrCl,,8NH, remains is probably of the “‘ zeolitic ”’ 
type. 
The zirconium tetrachloride-ammonia reaction is thus represented by the equations : 

(i)  ZrCl, + 19NH, —» ZrNH,Cl,,14NH, + NH,C1,3NH; 

(ii) ZrNH,Cl,,14NH, === ZrNH,Cl;,1INH, + 3NH, (9-0 kcal.) 

(iiia) NH,C1,3NH, === NH,Cl + 3NH, 

(iiib) ZrNH,Cl,,11INH, —» ZrNH,Cl,,6NH, + 5NH, (bivariant) 
1.¢., Z1Cl,,8NH, corresponds to ZrNH,Cl,,6NH, +- NH,CI. 
__ Fig. 3, which shows the thermal breakdown of ZrCl,,8NHs, is a smooth curve, and there 
is no evidence for the existence of ammoniates intermediate between this and ZrCl,,2NH, 
which is formed at 180°. This decomposition may be due to the reaction 
ZrNH,Cl,,6NH, (+ NH,Cl) — ZrNH,Cl, + 6NH, (++ NH,Cl) 
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the ammonium chloride then subliming away above 200°. The complex Zr(Cl,,2NH, 
resembles the analogous titanium compound (Part II, Joc. ctt.), breaking down when heated 
further to liberate zirconium tetrachloride. This zirconium tetrachloride might be formed 
at any temperature between 200° and 350°, but remains in the reaction bulb until its 
sublimation temperature (~330°) is reached. The nature of subsequent thermal decom- 
position is speculative in view of the small amount of material remaining at this stage, but 
it is significant that the black substance obtained at 800° is chlorine-free and is therefore 
probably a nitride. 

The pressure-composition curve for the thorium tetrachloride-ammonia reaction 
(Fig. 2) contains no univariant portion corresponding to the dissociation of ammonium 
chloride triammoniate, so evidently ammonolysis has not taken place. The bivariant 
section, in which the pressure falls continuously while the composition changes from 
20 to 10 moles of ammonia per mole of thorium tetrachloride, represents the desorption 
of ammonia. Four further moles of ammonia are then lost, the pressure remaining almost 
constant around 5-5 mm.; «e., ThCl,,lONH, = ThCl,6NH, +4NH,. The curve 
(Fig. 3) obtained for the thermal decomposition of the hexa-ammoniate into its com- 
ponents shows two very distinct parts, indicating the intermediate existence of ThCl,,3NHg, 
but there is no evidence for other ammoniates and it seems likely that those reported by 
Chauvenet (loc. cit.) are mixtures rather than distinct compounds. The complexes he 
obtained with gaseous ammonia are no doubt a mixture of ammonium chloride with some 
amidochloride, ¢.e., in agreement with the observed reaction of thorium tetrachloride with 
ammonia above 200° to give ammonium chloride. 

The results of our studies on the ammonolysis of the Group IVa halides may be sum- 
marised by saying that, with liquid ammonia, titanium and zirconium tetrachloride form 
the amidochlorides Ti(NH,),Cl and Zr(NH,)Cl,, and thorium tetrachloride gives the hexa- 
ammoniate ThCl,,6NH 3. Now silicon tetrachloride is known to undergo complete am- 
monolysis to the amide, Si(NH,), (Emeléus, Chem. and Ind., 1937, 813), so the degree of 
ammonolysis obviously decreases regularly down the series of halides, SiCly, TiCl,, ZrCl,, 
ThCl,. Hydrolysis assumes the same order of reactivity, and Wardlaw and his co-workers 
(J., 1950, 3452) found a similar degree of replacement when they investigated the analogous 
alcoholysis of these halides. In his reaction mechanism, Wardlaw suggests the initial 
co-ordination of an alcohol molecule through the “ lone pair ”’ of the oxygen atom, followed 
by the splitting off of a proton and a chloride ion : 


Ry , Ca R 
MCl, + ROH ——» a O—MCI, + H + Cl- 
H47D 


It seems reasonable to suggest a parallel mechanism for ammonolysis, in view of the known 
tendency for the ammonia molecule to co-ordinate to halides, and particularly since 
the subsequent splitting out of hydrogen chloride would be facilitated in liquid ammonia, 
which is a good ionising solvent : 


b+ r) $ - 

H. : Cc H Cl 
\WO—- 06+ 7 

H—N——MCl, —» H,N—MCI, 

HH” 


This replacement of chlorine atoms by amino-groups should at first sight take place 
most readily when the M—Cl bond possesses pronounced ionic character, but calculation 
of the percentage ionic character for the Group IVA halides shows it to increase regularly 
from silicon to thorium tetrachloride. When the radius of the metal atom is taken into 
consideration, however, the specific surface intensity charge (which determines the co- 
ordination energy available for the ionisation of the M—Cl and N—H bonds) is in the reverse 
order. The elimination of hydrogen chloride is therefore expected to occur most easily with 
silicon tetrachloride, and least readily with thorium tetrachloride. 
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A possible alternative mechanism is that in which an amide ion reacts with a halide 
molecule : 

(i) NH,- 4 Mcl, —e> [Ns poee ete a ee: cr) —> suena, +Cl- 
followed by further replacement in the same way. This mechanism is supported by the 
increased ammonolysis resulting when amide ions (as KNH,) are added to the solution, 
although the variation of the reaction temperature (which determines the degree of auto- 
ionisation of ammonia) has no apparent effect. 

These mechanisms are very similar, since both involve the ionisation of the M-Cl 
bond. In Wardlaw’s scheme, an ammonia molecule co-ordinates initially, followed by the 
ionisation of the M—Cl and N-H bonds, whereas in the alternative mechanism an amide ion 
co-ordinates and then transfers its charge to the chlorine atom, which splits off as an ion. 


THE UNIVERSITY, SOUTHAMPTON. 
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841. The Molar Volume of Co-ordinated Boron Trifluoride. 
By N. N. GREENWooD and R. L. Martin. 


An examination of the densities of 26 molten complexes leads to an 
apparent molar volume for co-ordinated boron trifluoride which is appreciably 
smaller than the molar volume of either the free liquid or solid boron trifluoride. 
Complex formation also appears to reduce the effective molar volume of the 
donor molecule. An empirical rule is given for estimating the densities of 
liquid co-ordination compounds when experimental values are not available. 
Less regularity is observed in the data on solid co-ordination compounds. 


THE relationship between molar volume and molecular composition is well known and there 
is now an extensive literature on the subject (see, e.g., Mellor, ‘‘ A Comprehensive Treatise 
on Inorganic and Theoretical Chemistry,’ Vol. I, Longmans Green and Co., London, 1922; 
Hiickel, ‘‘ Structural Chemistry of Inorganic Compounds,” Elsevier Publ. Co. Inc., 1950; 
Partington “An Advanced Treatise on Physical Chemistry,’’ Vol. II, Longmans Green 
and Co., London, 1951). In seeking to develop such relations, many authors have stressed 
the importance of structural as well as constitutive influences, and appropriate volume 
increments have been assigned to many structural groups or configurations. In co- 
ordination chemistry most attention has been concentrated on the apparent molar volume 
of water or ammonia in solid salt hydrates or ammoniates and in aquo- and ammino- 
complexes. These results, however, are frequently difficult to interpret because of the 
influence of crystal structure (see Parry, Chem. Reviews, 1950, 46, 507). 

Many boron trifluoride co-ordination compounds can be obtained in the liquid state, 
where the effects of crystal structure do not intervene. The compounds therefore afford a 
convenient means of studying the effect of donor-acceptor bonding on molar volume (see 
Laubengayer and Finlay, J. Amer. Chem. Soc., 1943, 65, 884). By subtracting the molar 
volume of the donor from that of the complex, one obtains the apparent molar volume of 
co-ordinated boron trifluoride : 


AV yw = Vy(complex) — Vy(donor) = V y(co-ordinated BF) 


The results are summarized in Table 1, from which it is evident that an approximately 
constant value of 27-8 cm. is obtained from all complexes on which reliable information is 
available. This value is appreciably smaller than the molar volume of liquid boron tri- 
fluoride, which is ~39 cm.3 at the m. p. and ~43 cm.’ at the b. p.; the molar volume of 
solid boron trifluoride is ~35 cm.® (see Booth and D. R. Martin, “ Boron Trifluoride and its 
Derivatives,” John Wiley and Sons, Inc., N.Y., 1949, pp. 18—19, for references). It would 
seem that donor-acceptor bond formation reduces the volume requirements of boron 
trifluoride by as much as 10 cm.3, the contraction arising mainly from the decrease in the 
distance of closest approach of unlike molecules as a result of the new chemical bond. 
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The molar volumes of the complexes were calculated for 20°, as most of the available 
density data refer to this temperature. The b. p. is not a suitable comparison temperature 
as all the complexes are thermolabile. 

A further regularity may be noted in Table 1, viz., that the apparent molar volume of 
boron trifluoride in a 1:1 complex is always greater than that in the corresponding 


TABLE 1. Molar volumes at 20°. 


Complex ¢ Donor moiety ° 

Compound d Vay d Vay AVy 
PO ERGO? ccweasinsacascencacspanstcsass, eee 48-] 0-9982 18-1] 30-0 
BF;,2H,O segvileseteesuee cegeea) eam 63-6 60-9982 36:1 27-5 
BaD gj PR a oases «cs vinconced siassnest_ Sa 85:8 1-834 ¢ 53-49 32-4 
Fa GGED  avcncdccschycovcestnesversec Rom 91-8 06606 * 60-7 * 31-1 
EER PROC e © oo, sccstescxctessdecees, ~ BURT 108-8 0-6986 ¢ 86-0! 22-8 
BF,,Et,O Jidddeklctoevnsteace-a (naan 125-8 0-7135 103-9 21-9 
Bae gO ids Saveccewisediadetteies 1-4081 70-9 0-7914 40-5 30-4 
Beg SUNOGINE. © hs Shisede skin canons 1-2120 108-8 0-7914 81-0 27-8 
Be MONEE | cascv ci beaynciavesine eeneas 1-353 84-2 0-7893 58:4 25:8 
Dee MIRORTEE | eid iecessocvccqesdecates = —RORUEG 137-5 0-7893 116-7 20-8 
ERs, SE IEE: Ssh cdckccvsvsiaraveseave 1-0561 178-0 0-8035 149-6 28-4 
BS SEO nid scckcccctsacaccccctes EES 206-9 0-8096 183-1 23-8 
BF;,2CH,Cl-CH,°OH 1-4009 163-4 1-2020 134-0 29-4 
BF,,2H:°CO,H ae uinaaatas 1-5145 105-6 1-2201 75°5 30-1 
BE MOCO occcceccesnacssceseostes:  UEGERS 85:5 4 1-0492 57-2 28-3 
BF,;,2Me-CO,H 1-342] 140-0 1-0492 114:5 25-5 
BF,,2Et‘CO,H 1-2283 175-8 0-9933 149-2 26-6 
BF,,2Pr"*CO,H eee See 1-1506 212-1 0-9578 184-0 28-1 
BF HCO MS 2. ccsessvenescseasoncee aoe 89-8 4 0-9742 61-6 28-2 
PR eee CRIRIEG kss cacecavenseacvecenccs YORE 107-4 0-9226 80°3 27-1 
BF,,Me-CO,Me 1-301 ¢ 109-1 ¢ 0-9335 79-4 29-7 
BF,,Me-CO,Et 1-251 ¢ 124-64 0-9006 97-8 26-8 
BF,,Me-CO,Pra 1-1999 141-6 0-8866 115-0 26-6 
BF,,Me-CO, Bus 1-1554 159-2 O-8814 131-8 27-4 
BF,,(MeC,H,)sPO, —.......seccceeee 1264 345-0 1-1834 311-44 33:6 
BF,,Me-CO-NMePh_ ..........0000 1-2694 171-0 1-074 * 138-9 * 32-1 


Mean 27:8 
@ For refs. see Greenwood and R. L. Martin (loc. cit.). * Timmermans, ‘‘ Physicochemical 
Constants of Pure Organic Compounds,” Elsevier Publ. Co. Inc., N.Y., 1950, except for data on 
water, phosphoric acid, and tolyl phosphate. ¢ Data refer to 25°. 4 Supercooled liquid. * Hypo- 


thetical value for supercooled liquid; data extrapolated below 65 f As for (e); extrapolated below 
114°. 9% At 18° (International Critical Tables). * At 5atm. ‘ At 16 atm. J4 At 25° (Kosolapoff, 
‘““ Organophosphorus Compounds,’”’ John Wiley and Sons, Inc., N.Y., 1950). * By extrapolation 


from the results of Turner and Merry, J., 1910, 97, 2069 


1:2 complex. Four examples of this are the complexes with water, methanol, ethanol, 
and acetic acid. It has been suggested (Greenwood and R. L. Martin, Quart. Reviews, in 
the press) that the second donor molecule in the di-complex forms a bond with the 


ionizable proton of the 1: 1 complex to give an oxonium ion: 
BF, -+- H,O —» BF,,H,O == H*BF,OH-. . . . . (I) 
H* BF,-OH- + H,O —» H,O° BF,-OH- o- Ty ae Pee 
This second process, like the first, may also be expected to occur with a reduction in volume. 
The apparent molar volume of the second donor molecule may be estimated by subtracting 
the molar volume of the mono-complex from that of the di-complex. The results are 
given in Table 2; the final column represents the decrease in volume occurring on oxonium- 


TABLE 2. Apparent molar volume of the second donor molecule. 


~. 


Donor Vy(1:2)—Vy(l:1) Vy (donor) A, cm.* Donor Vy(1:2)—Vy(1:1) Vy (donor) A, cm.* 
ch Sani 15-5 18:1 — 2-6 EtOH ... 53-3 58-4 —3-1 
MeOH ... 37-9 40-5 2-6 Me:CO,H 54-5 57-2 —2-7 


ion formation. It is clear that the change in effective volume of the donor is considerably 
less than the change calculated for boron trifluoride as acceptor (~10 cm.*). 
If this interpretation is correct, then the apparent molar volume of boron trifluoride 
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would more correctly be estimated from 1:1 complexes alone, the value derived from 
1: 2 complexes being consistently lower because of the formation of a second donor-— 
acceptor bond. The data in Table 1 show a fairly large scatter, but it may be significant 
that the mean apparent molar volume of boron trifluoride in the sixteen 1 : 1 complexes 
listed is 28-4 cm.* as compared with 26-8 cm.3 in the ten 1 : 2 complexes. 

The approximate constancy of the molar volume change which occurs during complex 
formation may be used to estimate the density of a co-ordination compound of boron 
trifluoride when experimental values are not available : 

d,°(complex) = M(complex)/{V s;(donor) + 28} 

where M(complex) refers to the molecular weight. The relation may also be used to check 
density values suspected of error, and it suggests that some of the values in Table 1 may 
require revision. In the same way the density of boron trifluoride—phenol (not listed in 
Table 1) has been given as 1-244 (Topchiev and Paushkin, Chem. Progress, U.S.S.R., 1947, 
16, 644; Paushkin, J. Appl. Chem., U.S.S.R., 1948, 21, 1199); this leads to a molar volume 
of 130-1 cm.’, and an apparent molar volume for boron trifluoride of 42-3 cm.°. In view 
of the absence of experimental data in the Russian reviews cited, the density may well refer 
to boron trifluoride—diphenol, as this leads to an apparent molar volume of 30-2 cm.3, which 
is much closer to the values given in Table 1. 

Less regularity is observed among the molar volumes of solid boron trifluoride co- 
ordination compounds. Here, the inaccuracy of the density data and the influence of 
crystal structure vitiate a detailed analysis, and for this reason the results will not be 
tabulated. The mean value of the apparent molar volume of boron trifluoride in ten of its 
solid complexes for which sufficient data are available is 25-4 cm.%. In view of the large 
deviations from the mean for some complexes, it is not certain that this value is significantly 
smaller than that obtained from liquid complexes. 

This paper is published by permission of the Director, Atomic Energy Research Establish- 
ment, Harwell, Didcot, Berkshire. 
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842. The Interaction of Calcium Ions with Some Phosphate and 
Citrate Buffers. 
By C. W. Davies and B. E. Hoy te. 
The pH of phosphate and citrate buffers is markedly reduced by the 
addition of calcium ions, owing to the formation of association products. 
Dissociation constants in water at 25° are reported for the species 
CaH,PO,*t, CaHPO,, CaH,Cit*, and CaHCit (Cit = citrate). 


Ir is to be expected by analogy with other multivalent electrolytes that fairly extensive 
ion-pair formation will occur when calcium ions are introduced into buffer solutions con- 
taining multivalent anions (Davies, Endeavour, 1945, 4, 15). We have confirmed this 
by pH measurements. The pHs of Sdrensen’s hydrogen phosphate buffers are appreciably 
lowered by saturating them with the sparingly soluble calcium iodate; and with acid 
citrate buffers the effect is so great that the pH may be reduced by more than a unit. 
This increase in the hydrogen-ion concentration is due to the preferential association of 
the calcium ion with the most highly charged anions, leading to the displacement of 
equilibrium by reactions such as: Ca** + H,Cit- —»CaHCit + H*. A further effect 
of the interaction is the enhancement of the solubility of the calcium salt, and we have 
studied the interaction quantitatively by means of solubility measurements. 


EXPERIMENTAL 
Calcium iodate was prepared, and its solubility measured, according to the methods used 
in our previous work (J., 1951, 233). The buffer solutions were made up from ‘“ AnalaR ’”’ 
reagents and carbon dioxide-free water. pH measurements were made colorimetrically by 
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comparison with the succinic acid—borax standards of Kolthoff (J. Biol. Chem., 1925, 63, 135) 
in a Hellige comparator. A standard solution of bromocresol-green was used as indicator, 
except for some solutions with pH >5 when methyl-red replaced it. 

Phosphate Solutions.—The range of solutions available for study was severely limited in 
this case by the insolubility of the calcium salt. According to Cameron and Seidell (J. Amer. 
Chem. Soc., 1904, 26, 1460) the solubility of calcium hydrogen phosphate at 25° is 1-00 milli- 
mole/l., and in agreement with this we found that potassium dihydrogen phosphate solutions, and 
a 19:1 KH,PO,-Na,HPO, butfer mixture, could be saturated with calcium iodate, but that 
precipitation occurred in the saturating column when the 9: 1 buffer was used. 

Our results are in Table 1. The first column gives the concentration of the buffer (molarity 
of phosphate radical), the second the solubility of calcium iodate, the third and fourth the 


TABLE I. 
M* 2* pH buffer pH sat. soln. [CaH,PO,*] [CaHPO,) I K 
A. Potassium dihydrogen phosphate solutions. 

0 7°85 — — . (CaH,PO,') 
25-0 9-07 4°73 4-65 0-94 0-09 0-0492 0-087 
50-0 9-99 4:66 4-57 1-74 0-13 0-0752 0-084 
66-67 10-53 4-62 4°54 2:27 O15 0-0924 0-080 


B. Mixtures of K,HPO, (0-95M) and Na,HPO, (0-05). 
(CaHPO,) 


25-0 9-14 5-33 5-17 0-94 0-25 00497 0-0024 
50-0 10-11 5-30 5-10 1-68 0-44 0-0764 0-0020 
66-67 10-68 5:27 5-08 2-09 0-63 0-0940 0-0016 


* For explanation see text. 


measured pH before and after saturation with calcium iodate. In calculating the composition 
of the solutions allowance must be made for the species CaIO,*, K1O;, HPO, H,PO,~, H,PO,, 
CaHPO,, and CaH,PO,*; PO,8- and HIO, are fortunately negligible at the pH’s considered. 
A method of successive approximations was used. By starting from an assumed value for 
the ionic strength (J), the concentration of free calcium ions is obtained from the four equations 
(J., 1951, 233; Trans. Faraday Soc., 1927, 23, 355) : 
—logigf, = 0-52%{(1#/(1 + J#) — 0-2 1} = 0-52Z°F (J) 
[CalO,*] = f,[Ca**][10,-]/0-13 
[KIO,] = /,2{K*][10,~]/2-0 
[Ca] = 7-116 x 107 /f,f,*{10,-]? 
By difference, ([CaH,PO,*] + [CaHPO,]) is now known, and hence, again by difference, 
({H,PO,] + [H,PO,-] + [HPO,?-]); and the relative proportions of these three are fixed by 
the dissociation constants of phosphoric acid: A, = 7-537 x 10°3, K, = 6-226 x 10° (Nims, 
J. Amer. Chem. Soc., 1933, 55, 1946; 1934, 56, 1110). We found it simplest to consider series 
A first on the assumption that [CaHPO,] was negligible. This led to the extrapolated value 
K = 0-084 for the dissociation constant of CaH,PO,*, which was then used in series B to deter- 
mine the dissociation constant of CaHPO,. Finally this value was used in series A to check 
the dissociation constant of CaH,PO,*. The concentrations calculated in these last two stages 
are shown in Table 1, all concentrations being in millimoles/l. The dissociation constants 
derived show some variation, which may be due to traces of CaPO,~ and KHPO,~ for which 
we were unable to allow; corrections for these two species would act in opposition, however, 
so we think the mean values 0-084 and. 0-0020 are the most reliable at present available. The 
first acid dissociation constant of CaH,PO,* is equal to Kypo, < Acan,ro,+ /Keanpoy 50 We have : 
CaH,PO,* == Ca** + H,PO,-; K = 0-084 
CaHPO, == Ca** + HPO; K = 0-002 
CaH,PO,* ~—= CaHPO, + H*; K = 2-6 x 10°* 
This last figure is forty times greater than the dissociation constant of the H,PO,~ ion. 

Citrate Solutions.—Association is very extensive in these solutions, and the solubility of 
calcium iodate rises much more steeply in disodium hydrogen citrate solutions than in any 
other salt solution yet studied. The problem of calculating the amounts of the various associ- 
ation products is complicated by the closeness of the three pix values of citric acid, which results 
in the species H,Cit, H,Cit~, HCit?-, Cit8-, CaH,Cit*, CaHCit, and CaCit~ all being present at 
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appreciable concentrations in the buffer solutions studied. Fortunately, the dissociation 
constant of CaCit~ is already known, from work in neutral citrate solutions; the value K = 
2-3 x 10-4, given by Schubert and Lindenbaum (J. Amer. Chem. Soc., 1952, 74, 3529) for a 
solution of ionic strength 0-16, becomes, on application of the general activity coefficient 
expression of the previous section, 1-27 x 10° at zero ionic strength, and we have used this 
value throughout. The method of calculating the free calcium-ion concentration was the same 
as for the phosphate buffers, except that a correction for the iodate bound as HIO, was just 
appreciable in the most acid buffers, and was made by using the dissociation constant Kyo, = 
0-17 (Davies, J. Phys. Chem., 1925, 29, 983). By subtraction, the values of ({CaCit~} + 
[CaHCit] + [CaH,Citt}]) and of ([Cit8-] + [HCit?-] + [H,Cit-] + H,Cit]) are now known, 
and the relative proportions of these four last-named species are fixed by the dissociation 
constants of citric acid (pK, = 3-128; pK, = 4-761; pK; = 6-396; Bates and Pinching, /. 
Amer. Chem. Soc., 1949, 71, 1274). These proportions are critically dependent on the pH; 
our colorimetric pH values were useful in early approximations, but the values employed in 
the final calculations, and shown in Table 2, were those required by the three pK values and the 
stoicheiometric composition; they were always within 0-1 unit of the measured value. Of 
the three calcium ion pairs, (CaCit~] was calculated from the equation: ([CaCit7] = 
faf,{[Ca** ][Cit3-]/f, . 1-27 x 10°. An approximate value (9 x 10~*) was calculated for Keyou 
by neglecting [CaH,Cit*] in series A; this was used to obtain the values of Agageut+ Shown 
in Table 2, series D; and finally the most probable value of this constant, 0-07, was used to 
calculate the final values of Koyo, shown in the Table. The first acid dissociation constant 
of CaH,Cit* is equal to Kegyut < Agjcu-/Kocancr, and the acid dissociation constant of 
CaHCit if given by Kauor X Kgcut-/Keacu-, 80 the constants determined are : 


CaCit- === Ca** + Cit“; K = 1-27 x 10° CaHCit == CaCit~ HY: K= 2:8 x 10% 
CaHCit == Ca** + HCit?-; K = 8-9 x 10 CaH,Cit* == CaHCit + H*; K = 1-4 x 10° 
CaH,Cit* == Ca** + H,Cit-; K = 0-07 
The acid dissociation constant of CaHCit is 70 times that of HCit?-, and that of CaH,Cit* is 
79 times that of H,Cit~, so that the effect of the double positive charge is approximately the 
same in the two cases. 


TABLE 2. 
M * 5* pH buffer pH sat. soln. [CaH,Cit+] [CaHCit] [CaCit~] 1 K x 108 


A. Disodium hydrogen citrate solutions. 


(CaHCit) 


5-0 9-20 5-48 4-44 0-05 1-67 1:33 0-0286 0-78 
10-0 10-61 5°32 4:48 0-08 2-73 2-69 0-0371 0-86 
13-30 4°55 0-11 4: 0-0576 0-91 


Na,HCit (0-9) HCI (0-1m) 


5-0 8-98 5-18 4:34 0-05 1-48 1-00 0-0284 0-82 
10-0 10-15 5-18 4°36 0-09 2-7 1-82 0-0357 0-79 
2 17 0-14 4-00 : 0:0537 0:90 


Na,HCit (0-8mM 


5-0 8-77 4-90 4-22 0-06 1-27 0-67 0-0282 0-86 
10-0 9-66 4-S4 4-24 0-11 2-23 1-29 0-0350 0-89 
4-9 0-19 2.98 0-0520 1-18 


Na,HCit (0-5m) 
(CaH,Cit*) 


10-0 8-53 3°85 3-63 0-16 0-69 0-11 0-0327 66 
20-0 9-08 3-85 3-60 0-19 1-25 0-17 0-0430 104 
40-0 10-04 3:77 3-56 0-56 1-99 0:27 0:0632 62 


* For explanations see text. 


It may be seen from Table 2 that [CaCit]~ is an important term in all the solutions studied, 
so that any modification of its dissociation constant would cause a significant change in the 
other constants. The absence of any marked drift in the Kogyo figures is reassuring, however, 
and also suggests that more complex association products, such as Ca,Cit*, are not present at 
the concentrations studied. 
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843. Acrylamide as an Acceptor in the Michael Condensation. 
By Dov Erap and Davip GINSBURG. 


The Michael condensation of acrylamide with a number of ketones has 
been carried out in yields ranging from 20% to 70%. 


THE cyanoethylation reaction has been useful in the production of many synthetic inter- 
mediates (Bruson, ‘‘ Organic Reactions,” Vol. 5, p. 79, Wiley, New York, 1949), but when 
a product containing a 2-carbamoylethyl group is desired, it is often difficult to effect 
partial hydrolysis of the @-cyano-group. Particularly since intermediates containing 
the 2-carbamoylethy] group were of interest in connection with synthetic morphine studies 
(cf. Ginsburg and Pappo, /., 1953, 1524), the possibility of effecting the carbamoylethylation 
reaction has been studied. 

Only one case of Michael condensation in which acrylamide acts as the acceptor has been 
reported, that with 2-nitropropane as donor (Bruson, U.S. P. 2,370,142; Chem. Abs., 1945, 
39, 3544). The Michael condensation of a number of ketones with acrylamide has now 
been carried out. It was possible to isolate the products of carbamoylethylation in most 
cases. With acetophenone, however, a heavy oil was obtained; that reaction had occurred 
was shown by hydrolysis of the adduct to the corresponding substituted butyric acid. In 
most cases, the 2-carbamoylethyl derivative, which is undoubtedly the primary product, 
lost a mole of water to yield the corresponding lactam. For example, in the carbamoyl- 
ethylation of 2-phenylcyclohexanone the resulting amide did not show absorption in the 
infra-red at about 5-84. The alicyclic carbonyl group disappeared owing to the formation 
of the lactam (I) rather than the 2-carbamoylethyl derivative (II). Elementary analysis 
agreed with the infra-red assignment. Hydrolysis of the lactam yielded 2-oxo-1-phenyl- 
cyclohexylpropionic acid identical with that prepared by hydrolysis of 2-oxo-1-phenyl- 
cyclohexylpropionitrile. 


,— Ph { —/. 
4 < fr Ph < KX J 


J ~~ CH,-CH,-CO-NH, HN / 
7 ve 1 O (ID) 


Similarly, carbamoylethylation of 1:2:3:4:9:10: 11: 12-octahydro-4 : 9-dioxo- 
phenanthrene did not yield the previously reported 12-2’-carbamoylethyl derivative, m. p. 
205° (Ginsburg and Pappo, loc. cit.), but a product, m. p. 286—289°, for which the analytical 
figures correspond to the lactam (III). In the latter compound the strong band at 5-844 
which is present in the amide, m. p. 205°, was absent. Both the primary amide and the 
lactam on hydrolysis yielded the same acid, 12-2’-carboxyethyl-l :2:3:4:9:10: 11: 12- 
octahydro-4 : 9-dioxophenanthrene. 

Carbamoylethylation of cyclohexanone gave the lactam formed by monosubstitution, 
albeit in low yield, when sodium hydride-sodium methoxide was used to effect the condens- 
ation at room temperature. Heating increased the formation of more highly substituted 
derivatives. 

Acetophenone yielded an oily adduct which on hydrolysis gave y-benzoylbutyric acid, 
identical with the product obtained by treatment of 2-phenylcyclopentanone with n-amyl 
nitrite and sodium ethoxide and subsequent hydrolysis of the resulting oxime (cf. Elad and 
Ginsburg, /., 1953, 2664). 

Dibenzyl ketone yielded the symmetrical diamide as shown by the failure to obtain a 
condensation product of the corresponding diacid with furfuraldehyde. 


EXPERIMENTAL 
Michael Condensation.—(a) With potassium tert.-butoxide. To dry potassium fert.-butoxide 
[prepared by dissolving potassium (0-4 g., 0-01 mole) in /ert.-butanol (15 ml.) and removal of 
excess of solvent in vacuo} was added the ketone (0-01 mole) in dry dioxan (15—20 ml.), and the 
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mixture was heated under reflux for 2-5—3 hr. A solution of acrylamide (0-71 g., 0-01 mole) in 
dry dioxan (15 ml.) was added in one portion to the boiling mixture, and heating was continued 
for a further 2-5—3 hr. The solvent was removed in vacuo and benzene (50 ml.) and hydro- 
chloric acid (1:1; 20 ml.) were added to the residue. The acid layer was extracted once with 
benzene, and the combined benzene extracts were dried (Na,SO,) and concentrated to 5—10 ml. 
Subsequent treatment varied in each case (see below). 

(b) With sodamide. Sodamide (0-01 mole), the corresponding ketone (0-01 mole), dry benzene 
(10 ml.), and dry ether (5 ml.) were heated under reflux for 3 hr. A solution of acrylamide 
(0-01 mole) in dioxan (20 ml.) was added in one portion and heating was continued for 3 hr. 
Subsequent treatment was similar to that in procedure (a). 

Hydrolysis of Amide to Acid—A mixture of amide or lactam (1 g.), acetic acid (15 ml.), 
concentrated hydrochloric acid (5 ml.), and water (5 ml.) was boiled for 12 hr. (cf. Bachmann and 
Fornefeld, J. Amer. Chem. Soc., 1951, 78, 51). The mixture was poured into a large volume of 
water and then extracted with ether, and the ether extract was shaken with dilute sodium 
hydroxide solution. After acidification, the acid was either obtained as a solid or, if as an oil, 
it was re-extracted with ether and crystallised from the appropriate solvent after evaporation 
of the ether. 

Carbamoylethylation of 2-Phenylcyclohexanone.—Ether was added to the concentrated 
benzene solution of the product. The Jactam (1) formed clusters of prisms, m. p. 208—210° 
(from benzene-ether); the yields were 29% (procedure 6) and 39% (procedure a) (Found: 
C, 79:2; H, 7-3. C,,H,,ON requires C, 79:2; H, 7-5%). 

After evaporation of the solvent the residual oil in the mother-liquor was hydrolysed accord- 
ing to the general procedure. The crude acid obtained was recrystallised from heptane; it 
had m. p.113—115°; the yields were 22% (procedure b) and 29% (procedurea). It gavenom.p. 
depression on admixture with authentic 2-oxo-l-phenylcvclohexylpropionic acid obtained by 
hydrolysis of the corresponding nitrile. Bachmann and Fornefeld (/oc. cit.) report m. p. 114— 
114-5° for this acid. 

Carbamoylethylation of 1:2:3:4:9:10: 11: 12-Octahydro-4-oxophenanthrene.—Ether was 
added to the concentrated benzene solution and the solution set aside overnight. The lactam 
formed prismatic needles (23%, procedure a), m. p. 234—236° (from dilute acetic acid) (Found : 
C, 80-4; H, 7-9. C,,H,,ON requires C, 80-6; H, 7-6%). 

Hydrolysis of the lactam yielded the corresponding acid, m. p. and mixed m. p. 110° (Ginsburg 
and Pappo, loc. cit.). The crude oil remaining in the mother-liquor was also hydrolysed and 
yielded the same acid in 27% yield. 

Carbamoylethylation of 1:2:3:4:9:10: 11: 12-Octahydro-4 : 9-dioxophenanthrene.—A 
modification of procedure (6) was used in which sodamide was replaced by sodium hydride; a 
small amount of methanol was added to start the reaction. Addition of ether to the benzene 
solution yielded platelets of the lactam (III) (25%), m. p. 286—289° (from dilute acetic acid). 
Procedure (a) gave the same product in 23% yield (Found: C, 76-3; H, 6-2. C,,H,;O,N 
requires C, 76-4; H, 6-4%). 

Seeding of the mother-liquor with authentic 12-2’-carbamoylethyl derivative, m. p. 205° 
(Ginsburg and Pappo, loc. cit.), did not induce crystallisation of any uncyclised amide. Hydro- 
lysis of the oil in the mother-liquor afforded the corresponding acid, m. p. 153° (Ginsburg and 
Pappo, loc. cit.), in 16% yield. Hydrolysis of the lactam yielded the same acid, identical with 
that formed by hydrolysis of the primary amide. 

Carbamoylethylation of cycloHexanone.—Sodium hydride was used as catalyst. Addition 
of acrylamide and subsequent treatment was carried out at room temperature. The product 
crystallised from the concentrated benzene solution. After two recrystallisations leaflets, m. p. 
142—143° (from heptane—benzene), were obtained in 10% yield. The same product was formed 
in 10% yield by procedure (b) (Found: C, 71-5; H, 8-8. Calc. forC,H,,ON : C, 71-5; H, 8-7%). 

Lions (J. Proc. Roy. Soc., N.S. Wales., 1938, 71, 192; Chem. Abs., 1938, 32, 5843) reports 
m. p. 142° for 1: 2:3:4:5:6: 7: 8-octahydro-2-oxoquinoline. 

Hydrolysis of the lactam gave 8-2-oxocyclohexylpropionic acid, m. p. 63—64° (from hexane). 
Hydrolysis of the residual oil in the mother-liquor afforded an additional 16% yield of the acid, 
m. p. 63—64°. The semicarbazone melted at 183—184° (from methanol). Mannich and Koch 
(Ber., 1942, 75, 803) report m. p. 65° and 186° for the acid and its semicarbazone, respectively. 

Carbamoylethylation of 2-Phenylcycloheptanone.—The lactam crystallised from the concen- 
trated benzene solution; it had m. p. 227—-228° (from benzene) ; the yields were 31% (procedure 
a) and 10% (procedure 6) (Found: C, 79-6; H, 8-2. C,,H,,ON requires C, 79-6; H, 7-9%). 
Hydrolysis of the oil in the mother-liquor gave {-2-ox0-1-phenylcycloheptylpropionic acid, 


[1953] Triterpenes and Related Compounds. Part XX1I. 4139 


m. p. 105—106° (from hexane), in 12% yield. Hydrolysis of the lactam gave the same acid 
(Found: C, 73-8; H, 7-4. Cj gH,.O 3 requires C, 73-8; H, 7-7%). 

Carbamoylethylation of Acetophenone.—The product could not be crystallised, but hydrolysis 
of the heavy oil afforded y-benzoylbutyric acid (20%, procedure a), m. p. 124—126° (from 
heptane) (Found: C, 69-0; H, 6-5. Calc. for C,,H,,0,: C, 68-7; H, 63%). 

Fuson and his co-workers (J. Amer. Chem. Soc., 1934, 56, 235) report m. p. 126° for this acid. 
The product was identical with that obtained by the following procedure (Elad and Ginsburg, 
loc. cit.). 

y-Ben-oylbutyric acid. Toa solution of sodium ethoxide [from sodium (0-23 g.) and absolute 
ethanol (5 ml.)] was added a solution of 2-phenylevclopentanone (1-6 g.) in ethanol (5 ml.). m- 
Amy] nitrite (1-7 ml.) was added in one portion with ice-cooling. The mixture was kept in the 
refrigerator for 48 hr. with occasional shaking. After acidification with acetic acid and dilution 
with water the mixture was extracted with ether. The ether solution was extracted with 
Claisen solution; the alkaline layer was acidified with hydrochloric acid to pH = 1 and refluxed 
for 3 hr. After extraction with ether and re-extraction of the ether solution with aqueous 
sodium hydroxide, the alkaline solution was acidified. y-Benzoylbutyric acid, m. p. 124—126° 
(from heptane), was precipitated. 

Carbamoylethylation of Dibenzyl Ketone.—Addition of heptane to the concentrated benzene 
solution caused a heavy oil toseparate. This partly crystallised during 2 days. Filtration gave 
the diamide (20%, procedure a) as thick rhombs, m. p. 168—169° (from benzene) (Found: N, 
7:6. C,,H,,0O,N, requires N, 7-95%). 

Hydrolysis of the diamide gave the diacid which can be obtained in two interconvertible 
forms: a, m. p. 141—143° (from benzene—heptane) ; 8, m. p. 123—125° (from heptane) (Found : 
C, 71:0; H, 6-6. C,,H,,O, requires C, 71-2; H, 6:3%). No condensation product could be 
obtained with furfuraldehyde. Hydrolysis of the oil afforded 28% additional yield of the diacid 
(based on dibenzyl ketone). 

DANIEL SIEFF RESEARCH INSTITUTE, WEIZMANN INSTITUTE OF SCIENCE, 

REHOVOT, ISRAEL. [Received, July 20th, 1953.) 


844. The Chemistry of the Triterpenes and Related Compounds. 
Part XXI.* Some Aspects of the Chemistry of the Elemi Acids. 
By T. G. HaLsaLit, G. D. MEAkins, and R. E. H. SWAYNE. 


The chemistry of the elemi acids is discussed and evidence presented for 
partial structures for hydroxyelemadienic and oxoelemadienic acids. The 
dehydro-derivatives of these acids have also been found in Manila elemi 
resin. ‘‘ e-Elemonic acid ’’ is shown to be a mixture. 


THE main acidic constituents of Manila elemi resin are «-elemolic acid (hydroxyelemadienic 
acid) and $-elemonic acid (oxoelemadienic acid t+). The former is a diethenoid tetracyclic 
monohydroxy-acid, Cj,H,,03, and the latter the corresponding ketone (Ruzicka, Rey, 
Spillman, and Baumgartner, Helv. Chim. Acta, 1943, 26, 1638). (For a survey of the 
literature concerning the elemi acids see Elsevier’s “‘ Encyclopeedia of Organic Chemistry,” 
Vol. 14, p. 598; Vol. 14S, p. 1203S.) One of the double bonds is present in an tso- 
propylidene group (Ruzicka, Rey, and Spillman, Helv. Chim. Acta, 1942, 25, 1375). 
Evidence concerning the unreactive double bond is given by the low wave-length ultra- 
violet absorption spectrum of methyl acetoxyelemenate. This is very similar to the 
spectra of oleanol (I) and dihydropolyporenic acid A (II), and indicates that the unreactive 
double bond is tetrasubstituted but not exocyclic (cf. Bladon, Henbest, and Wood, /., 
1952, 2737; Halsall, Chem. and Ind., 1951, 867). Such an environment of the double bond 
is typical of the tetracyclic “‘ triterpenes ”’ ¢ and suggests that the structure of the elemi 
acids may well be based on the ring system (III) common to these “ triterpenes.”” This is 

* Part XX, J., 1953, 3024. 

+ The nomenclature used is derived systematically from the unknown, saturated C,, hydrocarbon 
elemane. 


+t The quotation marks are used because lanosterol and related compounds are not classical 
triterpenes. 
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supported by the isolation of phenanthrene derivatives on selenium dehydrogenation of 
a-elemolic acid (Ruzicka, Rey, and Spillman, /oc. ctt.). 


’ HO CO,H . Ox 
CH cs 
A . ‘ 
ai ‘ / ‘Me ; y, J 
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)» Ryd rin 
HO (I) HO (IT) IIT) (IV) - O 

Oxidation of methyl acetoxyelemenate with chromic acid (cf. Ruzicka, Rey, and 
Spillman, Joc. cit.) gives an acetoxy-diketone (methyl acetoxydioxoelemenate) with an 
absorption maximum at 2720 A (¢ = 8700) characteristic of a transoid dione-ene system 
(IV). The infra-red spectrum of this diketone (in carbon tetrachloride) showed bands at 
1742 cm."! (ester groups) and 1677 cm."! (conjugated carbonyl in a six-membered ring). 
The results are analogous to those obtained in the oxidation of lanostenyl and euphenyl 
acetates with chromic acid (cf. Christen, Dunnenberg, Roth, Heusser, and Jeger, Helv. 
Chim. Acta, 1952, 35, 1756) and, on the basis of (III), lead to the partial formulation of 
the diketone as (V). 

Treatment of the acetoxy-diketone with zinc—acetic acid reduced the double bond and 
gave a saturated acetoxy-diketone (methyl acetoxydioxoelemanate), the infra-red spectrum 
of which showed a band at 1713 cm.“ indicative of a keto-group in a six-membered ring. 

A typical reaction of tetracyclic ‘“ triterpenes”’ is that with selenium dioxide, 
dehydrogenation at positions « to the unreactive double bond giving a conjugated diene. 
Oxidation of methyl acetoxyelemenate with this reagent is reported to give a dehydro- 
compound with maximal ultra-violet light absorption at 2380 A (ce = 7900) or 2390 A 
(ce = 8900) (Ruzicka, Rey, and Spillman, Joc. cit.; Kon and Bilham, J., 1942, 544). The 
wave-length of maximum absorption is similar to that found for dehydroeuphenyl acetate 
(suggested structure VI) (A 2400 A; ¢ 20,000) (Barbour, Bennett, and Warren, /., 
1951, 2540), but the intensity is appreciably less. The preparation of methyl acetoxy- 
dehydroelemenate by the action of selenium dioxide on methyl acetoxyelemenate has been 
repeated and maximal absorption has been found at 2320, 2390, and 2470 A (c = 13,800, 
15,050, and 9700). These values are characteristic of the dienes obtained from derivatives 
of euphol (suggested structure VII; R =H) (Kyburz, Mijovic, Heusser, Jeger, and 
Ruzicka, Helv. Chim. Acta, 1952, 35, 2073), euphorbol, and tirucallol (Barbour e¢ al., 
loc. cit.), but differ from those of dehydroeburicoic acid (Holker, Powell, Robertson, Simes, 
Wright, and Gascoigne, /J., 1953, 2422), agnosterol (Ruzicka, Denss, and Jeger, Helv. | 
Chim. Acta, 1946, 29, 204), and polyporenic acid C (Bowers, Halsall, Jones, and Lemin, 


J., 1953, 2548). This division of the tetracyclic “ triterpenes”’ on the basis of light- | 
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absorption properties is supported by a comparison of the [1], differences between the 
dienes and their precursors (Dawson, Halsall, and Swayne, /., 1953, 590). Eburicoic 
acid, agnosterol, and polyporenic acid C probably differ from euphol at Cay, having a 
methyl group at this position instead of a hydrogen atom. These comparisons suggest the 
extension of partial structure (IIT) to (VIII). This is consistent with the partial structure 
(IX) put forward, without discussion, for «-elemolic acid by Kyburz, Mijovic, Heusser, 
Jeger, and Ruzicka (loc. cit.). 

Fractionation of the more polar by-products from the action of selenium dioxide on 
methyl acetoxyelemenate produced a crystalline compound which gave analytical data 
corresponding to either C3,H,,O, or Cs3H;90,. It showed maximal absorption at 2585 A 


> 


a 
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(ec = 7300) suggesting the presence of a fully substituted «$-unsaturated ketone grouping 
(cf. 38-acetoxy-1l-oxolanost-8-ene : max, 2550 A, ¢ = 8000; McGhie, Pradhan, and 
Cavalla, J., 1952, 3176). Its infra-red spectrum (determined in chloroform over the range 
1500—1800 cm.~!) showed bands at 1761, 1725, 1645, and 1618 cm."!. The most interesting 
of these is that at 1761 cm.!, which, allowing for the fact that the frequencies of bands in 
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this region are generally lower than in carbon tetrachloride, indicates a saturated y-lactone 
grouping. The structure of this compound will be discussed in a subsequent publication. 

When oxoelemadienic acid is reduced with sodium and isobutyl alcohol the resulting 
hydroxy-acid differs from «-elemolic acid, having an epimeric hydroxyl group (Ruzicka, 
Rey, Spillman, and Baumgartner, Joc. cit.). This indicates that the hydroxy! group of 
a-elemolic acid has the less stable polar configuration, and that if it is located on a typical 
triterpene ring A (X) at Cig) then its configuration is « (XI). Support for this suggestion 
is provided by a comparison of the [M}, differences between hydroxyelemadienic acid and 
its acetate (A{M], —104°) and between efihydroxyelemadienic acid and its acetate 
(A{M], +84°) (cf. Barton and Jones, J., 1944, 659). In triterpenes with a 3$-hydroxyl 
group (cf. XII) the change in the molecular rotation on acetylation, although variable in 
size, is positive. The value for epithydroxyelemadienic acid (A[M]) +-84°) is consistent 
with a 38-hydroxyl group as in (XII) while the negative shift (A{7), —104°) for «-elemolic 
acid agrees with the sign of the shift (A{A7], ca. —200°) found for the 3x-hydroxyl group of 
polyporenic acid A (cf. II) (Curtis, Heilbron, Jones, and Woods, J., 1953, 457; Halsall, 
Hodges, and Jones, J.,1953,3019). Totest these suggestions methyl eprhydroxyelemenate 
was prepared by reduction of methyl oxoelemenate with sodium borohydride and by 
hydrogenation of the corresponding reduction product from methyl oxoelemadienate. 
Sodium borohydride reduces the 3-oxo-group of polyporenic acid C to the 38-hydroxyl 
group. Methyl epihydroxyelemenate was dehydrated with phosphorus pentachloride in 
petroleum, and the product ozonised; acetone was obtained in 75% yield as its 2 : 4-di- 
nitrophenylhydrazone. This result is characteristic of the grouping (XII) (cf. Christen 
et al., loc, cit.) which must, therefore, be present in methyl efihydroxyelemenate. Partial 
structure (XI) follows for «-elemolic acid, and (VIII) may be expanded to (XIII). 
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Following the proof that the side-chain of lanosterol was *CHMe:[CH,],°CH:CMe, 
(Voser, Mijovic, Jeger, and Ruzicka, Helv. Chim. Acta, 1951, 34, 1585; Barnes et al., Chem. 
and Ind., 1951, 1067), it appeared attractive to consider a similar side-chain, 
-CH(CO,H)*(CH,]p°CH:CMe,, for hydroxyelemadienic acid. The partial structure (IX) 
put forward by Kyburz et al. (loc. cit.) incorporates this, but the published evidence does 
not distinguish between it and *CH,*CH(CO,H)*CH,°CH:CMe, (Arnold, Koller, and Jeger, 
Helv. Chim. Acta, 1951, 34, 555; Mazur, Koller, Jeger, and Ruzicka, 2b1d., 1952, 35, 181). 
Before the publication of these two papers it appeared to the authors that a further study 
of the cyclisation reaction which occurs when acetoxyelemadienic acid is treated with 
phosphoric oxide (Ruzicka, Hiestand, Baumgartner, and Jeger, ibid., 1947, 32, 2119) 
would enable the number of carbon atoms between the carboxyl and tsopropylidene 
groups to be determined. In the cyclisation these two groups interact to form an 
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#3-unsaturated ketone with the loss of one molecule of water. The reaction can be repre- 


sented as: 


HO,C CH=CMe, po, OC CH=CMe, OC—-CH—CMe, OC-—C=CMe, 
— ™ — > Bal ae | 
C—{ OH C—{C]s —C—{C], —C—{C], 
| (XIV) 
QO O ) QO 
: Me 
Pe wz \ 
9 CMe,  < » | Me CMe, 
Me 
(XV) (XVI) Me (XVIT) (XVIII) 


Examination of the infra-red spectrum of the resulting ketone (XIV) should enable the 
ring size and the value of x to be determined. 

freatment of acetoxyelemadienic acid with phosphoric oxide has given two cyclic 
products, anhydro-oxoelemadienyl acetate-I and anhydro-oxoelemadienyl acetate-II. 
One of these has the same constants as the single product obtained by Ruzicka, Hiestand, 
et al. (loc. cit.) from acetoxyelemadienic acid. It is of interest that these workers obtained 
two products in each case from oxoelemadienic acid and elemadienic acid. Both products 
from acetoxyelemadienic acid were a$-unsaturated ketones showing maximal absorption 
at 2540 A (e = 13,800). The infra-red spectra of these compounds (in carbon tetra- 
chloride) showed strong bands at 1732 and 1711 cm.-!; the former band is caused by the 
acetoxy-group while the latter indicates the presence of a conjugated keto-group in a 
five-membered ring, as in (XV). Had the keto-group been in a six-membered ring, 
absorption at ca. 1660—1680 cm. would have been expected. The calculated position of 
maximal ultra-violet absorption of the chromophore (XV), viz., 2540 A, is in agreement 
with the observed values. This excludes the alternative structure (XVI), which would 
absorb at shorter wave-length [cef. XVII and XVIII having maximal absorption at 2310 A 
and 2515 A, respectively (Gillam and West, J., 1942, 487; Eschenmoser, Shinz, Fischer, 
and Colonge, Helv. Chim. Acta, 1951, 34, 2329))}. 

Hydrogenation of the two keto-acetates gave anhydro-oxoelemeny] acetates-I and -II, 
which, on hydrolysis, gave the same keto-alcohol. The infra-red spectrum of this com- 
pound (in carbon tetrachloride) had,a strong band at 1738 cm.!, indicative of a keto-group 
in a five-membered ring. The frequency expected for saturated five-membered ring 
ketones is usually given as 1745 cm."!, dropping to about 1715 cm."! in the «#-unsaturated 
compound (see, ¢.g., Grove and Willis, J., 1951, 877). It is probable that these figures 
represent upper limits to the frequency ranges. Thus, while 17-keto-steroids absorb at 
1742—1745 cm.-! (Jones, Humphries, and Dobriner, J. Amer. Chem. Soc., 1950, 72, 956), 
a number of triterpenoid five-membered ring ketones have frequencies of about 1735 cm.! 
(Meyer, Jeger, Prelog, and Ruzicka, Helv. Chim. Acta, 1951, 34, 747; Menard and Jeger, 
thid., 1953, 36, 335). In dihydrojervine the band occurs at 1730 cm.-! (Anliker, Heusser, 
and Jeger, tbid., 1952, 35, 838), while jervine for which structure (XIX) has been proposed 
(Wintersteiner and Hosansky, J. Amer. Chem. Soc., 1952, 74, 4474) absorbs at 1705 cm."} 
(Marion, Ramsay, and Jones, zdid., 1951, 73, 705). 

As only one keto-alcohol is obtained on hydrolysis of the reduced acetates, the initial 
cyclisation products must differ at a centre at which alkali-catalysed inversion can occur. 
Structures such as (XX) and (XXI) probably represent the difference between the two 
anhydro-acetates. These could arise through partial inversion of the «-hydrogen atom in 


the ion -CHR-CO formed by the action of phosphoric oxide on the carboxyl group of 
acetoxyelemadienic acid. From these results and those of Arnold e¢ al. (loc. cit.) and 
Mazur et a. (loc. cit.) it follows that the side-chain is -CH(CO,H)-CH,°CH,°CH:CMeg. 

The infra-red spectra of anhydro-oxoelemadienyl acetates-I and -II, determined in 
carbon tetrachloride, show unusually strong carbon-carbon double-bond stretching bands 
at ca. 1635 cm.', the intensities of these bands being similar to those of the carbonyl 
stretching (1711 cm.-'). While the intensity of absorption due to an ethylenic bond is 
known to be increased by conjugation with a carbonyl group, the carbonyl intensity 
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generally remains much the stronger. Other examples of this abnormal intensification are 
found in 4: 4-dimethyl-2-isopropylidenecyclopentanone (XVIII) (Eschenmoser ef al., 


RR R 
O \/N | 
bec py H---C-————-CO H=<C——CO 
PN IONS 4 Soe | Ea 
I as Ht c C=CMe, H,C \e C=CMe, 
er (XIX) H, (XX) H, (XXI) 


loc. cit.) and in jervine (XIX) (Marion e¢ al., loc. cit.). A similar effect occurs in 38-acetoxy- 
7-oxoergosta-8(14) : 22-diene, whereas the corresponding -8 : 22-diene shows only the 
expected intensification (Heusser, Saucy, Anliker, and Jeger, Helv. Chim. Acta, 1952, 35, 
2090). The cause of these unusual effects is probably connected with the fact that in each 
case the double bond is exocyclic. 

Partial structure (XIII) suggests a comparison of acetoxyelemenic acid with euphenyl 
acetate (suggested structure VII; R= Ac). The latter is isomerised to isoeuphenyl 
acetate by treatment with chloroformic hydrogen chloride (Dawson, Halsall, and Swayne, 
loc. cit.) or hydrochloric acid in acetic acid (Vilkas, Dupont, and Dulou, Bull. Soc. chim., 


R, 
R—C—CH+[CH,],°CH:CMe, —C-CH[CH,)yCH Me, ——» —C-CHICH-[CH,],"CHMe, 
Pend | | | 
R, CO,H CO,H 
R, R,, and R,+ H (XXII) XXIII (XXIV) 


1949, 813). Under similar conditions, however, no isomerisation occurred with acetoxy- 
elemenic acid or oxoelemenic acid. <A possible explanation is the absence of a hydrogen 
atom on the carbon atom to which the side-chain is attached (cf. XXII). It may be 
noted that in the degradation of the side-chain [(X XIII) —» (XXIV)} (Arnold et al., 
loc. cit.; Mazur etal., loc. cit.) the double bond is formed away from the point of attachment 
of the side-chain to the remainder of the molecule. 

Oxidation of hydroxyelemadienic acid with chromic acid gives the so-called “ «-elemonic 
acid”’ (Ruzicka, Rey, and Spillman, loc. ctt.; Bilham and Kon, loc. cit.) which has been 
characterised as its methyl ester. The absorption maximum of the ester at 2380 A (e = 
6300) (Ruzicka et al., Helv. Chim. Acta, 1943, 26, 1628) was explained by assuming that 
the two double bonds moved into conjugation during the oxidation. This hypothesis is 
no longer tenable. The simplest explanation of the light-absorption properties is that 
oxidation gives rise to the diene system found in methyl acetoxydehydroelemenate. 
Comparison shows that the main peaks of the spectra of methyl acetoxydehydroelemenate 
(2390 A; ¢ = 15,000) and methyl dehydro-oxoelemenate (Amax. 2390 A; ¢ = 18,100) are at 
the same wave-length as that of ‘‘ methyl «-elemonate ’’ but have a much higher intensity 
for the pure dienes. The molecular-rotation shift ({M), ca. —450°) for the formation of 
“methyl a-elemonate ”’ is negative, as expected for the formation of the diene system 
(cf. Dawson e¢ al., loc. cit.) but its value is less than that found in the conversion of methyl 
hydroxyelemenate into methyl dehydro-oxoelemenate ([M], ca. —640°). These facts 
suggest that ‘‘ «-elemonic acid ”’ is a mixture of, at least, oxoelemadienic and dehydro- 
oxoelemadienic acids. It is known that mixtures of tetracyclic “ triterpenes ”’ and their 
corresponding dehydro-derivatives are often very difficult to separate, ¢.g., eburicoic and 
dehydroeburicoic acids (Gascoigne, Robertson, and Simes, J., 1953, 1830). 

If “‘ methyl «-elemonate ” were a mixture of only methyl oxoelemadienate and methyl 
dehydro-oxoelemadienate then the percentage of the latter present, calculated from the 
intensity of maximal absorption, would be about 40°. However, the rotation of the 
“methyl «-elemonate ”’ indicates a diene content of about 65°%, assuming that the rotation 
of methyl dehydro-oxoelemadienate is not appreciably different from that of methyl 
dehydro-oxoelemenate (/«), —152°). 

The chromic acid oxidation of hydroxyelemadienic acid under various conditions has 
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been reinvestigated. In one experiment a mixture was obtained which had absorption 
maxima at 2315, 2385, and 2470 A, positions characteristic of methyl acetoxydehydro- 
elemenate. The mixture was separated by chromatography into fractions, two of which 
showed maximal absorptions at 2390 A of almost the same intensity, but with significantly 
different specific rotations. In addition to these diene-containing fractions, methyl dioxo- 
elemadienate was obtained. It therefore appears that “ «-elemonic acid,” in addition 
to containing possibly a little dioxoelemadienic acid, is a mixture of at least three 
components, oxoelemadienic acid, dehydro-oxoelemadienic acid, and a compound with a 
large negative rotation, but no appreciable absorption at ca. 2400 A. The nature of the 
last compound is not known. Possibly it is an isomer of oxoelemadienic acid differing from 
oxoelemadienic acid in the c/p ring fusion. Although caution is necessary in making 
comparisons between tetracyclic “ triterpenes ’’ and normal steroids it is of interest that a 
considerable negative shift in molecular rotation attends the conversion of the c/D ring 
fusion from cis into trans in the steroid molecule (cf. Fieser and Fieser, ‘‘ Natural Products 
related to Phenanthrene,”’ 3rd Edn., 1949, Reinhold Publ. Corp., p. 212). 

The general method of extraction and separation of «-elemolic acid and {-elemonic 
acids was that used by Ruzicka and Hausserman (Helv. Chim. Acta, 1942, 25, 445). In 
one extraction each step was followed spectroscopically and it was found that slight but 
definite light absorption occurred at 2320, 2390, and 2460 2480 A, indicative of the 
presence of a conjugated diene (5—-7°%,). The diene was present in the starting material, 
persisted throughout the separation of the acidic portion of the resin, and remained in both 
the ketonic and non-ketonic acids. The methyl esters of these acids could be separated by 
chromatography into pure methyl hydroxyelemadienate and methyl oxoelemadienate, and 
into enriched diene fractions. 

It has been possible to examine spectroscopically samples of elemi acids extracted by 
(the late) Professor G. A. R. Kon, (the late) Dr. J. C. E. Simpson, and Professor H. Lieb. 
In all cases, even with the purest samples, small amounts of diene were found. Hence, in 
addition to hydroxyelemadienic and oxoelemadienic acids, the corresponding dehydro- 
compounds also occur in Nature. 


EXPERIMENTAL 


Rotations were determined in chloroform at room temperature. M. p.s were determined on 
a Kofler block and are corrected. Analytical samples were dried at a suitable temperature for 
5—10 hr. in a high vacuum. Alumina of activity I—II was employed for chromatography 
unless otherwise stated, and except where specified light petroleum refers to the fraction, 
b. p. 40—60°. Ultra-violet spectra were determined in ethanol with a Unicam spectro- 
photometer. Infra-red spectra determinations were made with a Perkin-Elmer double-beam 
instrument, model 21, carbon tetrachloride solutions being used unless stated otherwise. 

Extraction of Elemi Acids.—Manilla elemi resin (4 kg.), previously steam-distilled to remove 
ethereal oils, was dissolved in ether (25 1.), and the solution extracted with 2% sodium hydroxide 
solution (8 1.) by stirring at the interface for 4 hr. The aqueous layer was separated, and the 
ethereal solution extracted with water (3 x 81.) inthesame way. All the aqueous extracts were 
combined and acidified to pH 7 with hydrochloric acid. The neutral solution was then 
extracted with ether (2 x 101.) and the extract concentrated, dried, and worked up to give a 
crystalline solid, m. p. 200—213° (from ethanol). Light absorption: 2385 (max.) and 2460 A 
(infl.); ¢ 1065 and 910. 

rhe solid was separated into hydroxy- and oxo-elemadienic acids with Girard reagent-r. 
The hydroxyelemadienic acid crystallised from ethanol as needles, m. p. 212—222°, [a], —21-5 
(c, 1-4) (Found: C, 78:8; H, 10-55. Calc. for C,H,,0,: C, 78-85; H, 106%). Light 
absorption : 2390 (infl.) and 2470 A (infl.); ¢ = 290 and 200. By methylation with ethereal 
diazomethane and careful chromatography it was possible to obtain methyl hydroxyelemadienate, 
m. p. 148—149-5°, [2], 14-1° (c, 1-16), e at 2390 A = 390, with a negligible conjugated diene 
content. 

The oxoelemadienic acid crystallised from ethanol as long needles, m. p. 207—223°, [x] 
+ 24-8° (c, 1:07). Light absorption: 2390 (max.) and 2470 A (infl.); «= 760 and 510. A 
sample of the acid, sublimed for analysis at 240/10-° mm., had m. p. 204—218°; [x], +33-4° 
(c, 1-3) (Found: C, 79-05; H, 10-05. Calc. for C,,H,,O,: C, 79-2; H, 10-2%). By repeated 


oe 
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recrystallisation from ethanol of the oxoelemadienic acid (2-7 g.), m. p. 207—233°, described 
above, it was possible to obtain a sample (0-28 g.) with a conjugated-diene content of only 1% 
[m. p. 211—217°; [x], +-37-2° (c, 1-6); light absorption: e¢ at 2390 A = 200], and also needles 
(0-1 g.) [m. p. 250—260°, [a], —57-4° (c, 0-3); light absorption: Max. 2300, 2380, and 2470 
(infl.) A; ¢ = 1865, 1865, and 1190) consisting of a mixture containing oxoelemadienic and 
dehydro-oxoelemadienic acids. 

Ultra-violet Light Absorption of Methyl Acetoxyelemenate.—Methyl acetoxyelemenate, m. p. 
140—142-5°, [x], —41-8°, absorbed light in the low ultra-violet region as follows: eat 2100 A = 
5100, ¢ at 2150 A = 3300, e at 2200 A = 1800, and ¢ at 2230 A = 1000. 

Methyl Acetoxydioxoelemenate.—Chromic acid (1-4 g.) in acetic acid (100 c.c.) was added with 
stirring during 45 min. to a solution of methyl acetoxyelemenate (2 g.) in acetic acid (100 c.c.) 
at 90°, After being stirred for a further 1} hr. at 90°, the solution was kept at 20° overnight. 
Dilution with water followed by extraction with ether gave an orange-coloured oil (1-76 g.) which 
was adsorbed from benzene on alumina (170 g.). Elution with benzene (4 x 250 c.c.) gave the 
following fractions: (i) 33 mg., needles, m. p. 154—-156° (from methanol); (ii) 176 mg., oil; 
(iii) 332 mg., yellow oil; and (iv) 217 mg., yellow oil. Crystallisation of fraction (iii) from 
methanol and ethyl acetate gave methyl acetoxyoxoelemenate as needles, m. p. 189—191-5°. 
Light absorption: Max. 2545 and 3160 A; ¢ = 10,000 and 137. Fraction (iv) was crystallised 
from methanol, giving methyl acetoxydioxoelemenate as yellow crystals, m. p. 145-5—147°, 
[a]p —33° (c, 0-7) (Found: C, 73-05; H, 9-4. Calc. for C,,H;,0,: C, 73-05; H, 9-3%). Light 
absorption: Max. 2720 A; e¢ = 8700. Infra-red absorption bands at 1742, 1677, and 
1245 cm.7}. 

Reduction of Methyl Acetoxydioxoelemenate.—Methyl acetoxydioxoelemenate (200 mg.) in 
acetic acid (30 c.c.) was stirred at 90°, and zinc dust (2 g.) was added in portions during 10 min. 
After being decanted from inorganic material the hot solution was diluted with water. 
Extraction with ether yielded an oil (152 mg.) which was adsorbed from light petroleum on 
alumina (15 g.); elution with benzene (450 c.c.) gave an oil (113 mg.) which did not crystallise. 
It was sublimed at 140°/10-> mm. to give methyl acetovydioxoelemanate as an amorphous solid, 
softening at 70°, [x]) —138° (c, 0-43) (Found: C, 72-35; H, 9-65. C3,;H;,O0, requires C, 72-75; 
H, 9-6%). Infra-red light absorption bands at 1743 and 1713 cm.7}. 

Sodium Borohydride Reduction of Methyl Oxoelemadienate.—Sodium borohydride (85 mg.) in 
aqueous dioxan (1:1; 14 ¢.c.) was added to a solution of methyl oxoelemadienate (0-56 g.) in 
dioxan (50 c.c.) which was kept at 20° for 1 hr. Dilution with water precipitated a solid which 
was collected and adsorbed from benzene on alumina (50 g.). Elution with benzene—ether 
(9:1; 6500 c.c.) yielded an oil (0-51 g.) which crystallised from acetic acid to give methyl ept- 


hydroxy elemadienateas plates, m. p. 100—102°, [a], —5-5° (c, 1-7). Acetylation of this 
hydroxy-compound (0-065 g.) with acetic anhydride—pyridine gave methyl epiacetoxvelemadi- 


enate (0-062 g.) as needles, m. p. 123—126° (from methanol) (Found: C, 77-6; H, 10-3. 
C33H;,0, requires C, 77-3; H, 10-2%). 

Methyl epiHydvoxyelemenate.—(a) Methyl epihydroxyelemadienate (0-39 g.) in acetic acid 
(50c.c.) was shaken with Adams’s catalyst (40 mg.) and hydrogen at 20° for 30 min. (uptake of 
hydrogen: 1 mole). After removal of the catalyst, evaporation yielded an oil (0-39 g.) which 
was precipitated from acetic acid to give methyl epihydroxyelemenate as an amorphous solid, 
softening at 90°, [x], +2° (c, 1-26). This was sublimed at 170°/10°° mm. to a clear glass 
Found: C, 78:9; H, 11-3. C3,H;,0O, requires C, 78-7; H, 11-1%). Methyl epiacetoxy- 
elemenate, prepared by acetylation in pyridine, formed short rods (from acetic acid and 
methanol), m. p. 140—141°, [a]) +13-5° (c, 0-46) (Found: C, 77-15; H, 10-8. Calc. for 
Cy3H,,0,: C, 76-95; H, 10-6%). 

(6) Methyl oxoelemenate (0-63 g.).. prepared from methyl acetoxyelemenate by hydrolysis 
and oxidation, was dissolved in dioxan (55 c.c.) and kept at 20° for 1 hr. with sodium borohydride 
(102 mg.) in aqueous dioxan (1:1; 16 c.c.). Dilution with water and extraction with ether 
yielded an oil which was adsorbed from benzene on alumina (60 g.). After elution with benzene 
(250 c.c.), elution with ether (250 c.c.) gave methyl epihydroxyelemenate as an oil (526 mg.) 
which was characterised by conversion into methyl epiacetoxyelemenate (short rods from 
methanol), m. p. 138—139° undepressed on admixture with a sample obtained by method (a). 

Dehydration of Methyl epiHydroxyelemenate.—Phosphorus pentachloride (0-20 g.) was added 
to methyl epihydroxyelemenate (0-34 g.) in light petroleum (50 c.c.), and the mixture kept at 20° 
under anhydrous conditions for 30 min., with occasional shaking. Addition of water followed 
by extraction with ether yielded an oil (0-31 g.) which was adsorbed from light petroleum on 
alumina (30 g.). Elution with light petroleum (1000 c.c.) gave an oil (0-128 g.), [«]) +18-7° 
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(c, 1-28). Further elution with ether (250 c.c.) gave an oil (0-17 g.) which was re-treated with 
phosphorus pentachloride to give a further petroleum-elutable fraction as an oil (0-073 g.), 
{a]) +20-5° (c, 0-73). The two petroleum-elutable fractions were combined to give the 
uncrystallisable dehydration product. A Beilstein test for halogen was negative. In a 
subsequent experiment a higher yield (72%) of dehydration product was obtained by allowing 
the phosphorus pentachloride to react for 1 hr. 

Ozonolysis of the Dehydration Product.—A stream of ozonised oxygen (6°,) was passed 
through a solution of the dehydration product in carbon tetrachloride at 20° for | hr. Ferrous 
sulphate solution was added and the mixture was distilled into a solution of 2 : 4-dinitrophenyl- 
hydrazine sulphate; a 2: 4-dinitrophenylhydrazone was formed which was extracted with 
benzene and adsorbed on alumina (30 g.). Elution with benzene (250 c.c.) separated and 
removed a coloured band. Evaporation of the solution containing this fraction afforded a solid 
(0-11 g.) which gave acetone 2: 4-dinitrophenylhydrazone as rods (from ethanol), m. p. 124-5— 
125° undepressed on admixture with an authentic sample (Found: N, 23-3. Calc. for 
C.H,,.0O,N,: N, 23-5%). 

Anhydro-oxoelemadienyl Acetate-I.—Acetoxyelemadienic acid (5-0 g.) was heated under 
reflux in dry benzene (300 c.c.), and phosphoric oxide was added with stirring to the boiling 
solution during 25 min. After a further 2 hr., the warm solution was filtered and the solvent 
removed, leaving a yellowish oil (4-1 g.) which was adsorbed from benzene on alumina (150 g.). 
Benzene (250 c.c.) eluted a pale yellow solid which was crystallised from ethyl acetate and 
chloroform-—ethanol to give anhydro-oxoelemadienyl acetate-I as thick rods (1-3 g.), m. p. 185— 
189°, [a], 58-2° (c, 1-6) (Found: C, 79:8; H, 10:05. Calc. for C,,H,,0,: C, 79-95; H, 
10-05%). Light absorption: Max. 2540 and 3420—3450 A; ¢ = 13,750 and 86. Infra-red 
absorption : bands at 1732 and 1711 cm.7}. 

Anhydro-oxoelemadienyl Acetate-II.—By use of the same conditions as in the preparation of 
anhydro-oxoelemadienyl acetate-I an isomeric product, anhydro-oxoelemadienyl acetate-II, was 
obtained as rods, m. p. 188—192°, [a], —15-3 (c, 0-45) (Found: C, 80-25; H, 10-2. C,,H,,O, 
requires C, 79-95; H, 10-05%). Light absorption: Max. 2540 A: ¢ = 13,800. Infra-red 
absorption: bands at 1732 and 1711 cm.7. 

Anhydro-oxoelemenol.—(a) Anhydro-oxoelemadienyl acetate-II (0-55 g.) in ethyl acetate- 
acetic acid (10:1; 55 ¢.c.) was shaken with hydrogen at 20° in the presence of Adams'’s catalyst 
(11 mg.) until absorption was complete (2 hr.). After filtration and evaporation of the filtrate 
the residual brown syrup (0-54 g.) was adsorbed from light petroleum—benzene (3 : 1) on alumina 
(25 g.). Elution with the same solvent gave a fraction which was crystallised several times 
from methanol and ethanol, giving anhydro-oxoelemenyl acetate-II as rods, m. p. 166—174° 
(Found: C, 79-9; H, 10-4. (C,,H;,0, requires C, 79-6; H, 10-4%). Infra-red absorption 
in Nujol: band at 1738 cm.*1. The acetate (300 mg.) in benzene (20 c.c.) was heated under 
reflux for 3 hr. with 10% methanolic potassium hydroxide (20 c.c.). Dilution with water and 
extraction with ether yielded an oil which was triturated with light petroleum, and the resulting 
needles crystallised from ethyl acetate, giving anhydro-oxoelemenol as rods, m. p. 192—197°, 
[a], +88-5° (c, 0-5) (Found: C, 82-1; H, 11-1. Calc. for C,H,,0,: C, 81-8; H, 110%). 
Infra-red absorption: band at 1738 cm.7}. 

(6) Hydrogenation of anhydro-oxoelemadienyl acetate-I as above yielded anhydro-oxo- 
elemenyl acetate-I as plates (from methanol), m. p. 134—138°, [x], —53-5° (c, 1:1). This 
acetate (125 mg.) was heated under reflux with 10% methanolic potassium hydroxide (50 c.c.) 
for 6 hr. Dilution with water and extraction with ether yielded an oil (102 mg.) which was 
crystallised from nitromethane and methanol to give anhydro-oxoelemenol as rods, m. p. and 
mixed m. p. with a sample obtained by method (a) 190—195°, [«],, +-88-5° (c, 0-5). 

A nhydro-oxoelemadienol.—Anhydro-oxoelemadienyl acetate-II (0-47 g.) was heated under 
reflux with 10° methanolic potassium hydroxide (25 c.c.) for 2 hr. Dilution with water and 
extraction with ether yielded an oil (0-38 g.) which was crystallised from chloroform—methanol 
and chloroform-—ethyl acetate, giving anhydro-oxoclemadienol as needles, m. p. 237—244°, 
[a]p —34° (c, 0-4) (Found: C, 82-0; H, 10-85. Calc. for C,,H,,O,: C, 82:1; H, 10-55%). 
Infra-red absorption in Nujol: band at 1691 cm.7). 

Ozonolysis of Anhydro-oxoelemadienyl Acetate-II.—A stream of ozonised oxygen (6°%) was 
passed through a solution of anhydro-oxoelemadienyl acetate-II (0:46 g.) in ethyl acetate 
(100 c.c.), at 20° for 1 hr. Raney nickel was added and the solution kept at 20° for 4 days. It 
was then distilled into an aqueous solution of 2: 4-dinitrophenylhydrazine sulphate and the 
resulting two layers were separated. The aqueous layer was extracted with ethyl acetate. The 
combined ethyl acetate solution gave a residue which was adsorbed from benzene on alumina 
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(60 g.). Elution with benzene (500 c.c.) gave a dark red oil which was crystallised from 
ethanol, giving acetone 2: 4-dinitrophenylhydrazone as needles (0-15 g.; 66%), m. p. and 
mixed m. p. 126—127° (Found: N, 23-4. Calc. for CgH,,O,Nq: N, 23-5%). 

Methyl Acetoxydehydroelemenate.—Methy] acetoxyelemenate (0:3 g.) and selenium dioxide 
(2-0 g.) were heated under reflux in glacial acetic acid (25 c.c.) for 20 hr. Filtration, dilution 
with water, and extraction with benzene yielded a red oil (0-25 g.) which was adsorbed from 
light petroleum—benzene (1:1) on alumina (40 g.). Elution with the same solvent yielded a 
fraction (107 mg.) which was crystallised from methanol and ethanol to give methy? acetoxydehydro- 
elemenate as rods (53 mg.), m. p. 134—136°, [a], —115° (c, 0-3) (Found: C, 77-1; H, 10-35. 
C,3H;,0, requires C, 77-3; H, 10-25%). Light absorption: Max. 2320, 2390, and 2450— 
2480 A; ¢ = 13,800, 15,050, and 9700. 

Methyl Dehydrohydroxyelemenate.—Methyl acetoxydehydroelemenate (2-6 g.) was heated 
under reflux with 10% methanolic potassium hydroxide (100 c.c.) for 5hr. After dilution with 
water, extraction with ether yielded an oil (2-45 g.) which was methylated with diazomethane. 
The crude ester was crystallised from ethyl acetate and ethanol giving crystals (0-85 g.), m. p. 
144—146°. The residue from the mother-liquor was adsorbed from benzene on alumina (180 g.). 
After elution with benzene (500 c.c.) and benzene-ether (1:1; 250 c.c.), elution with ether 
(750 c.c.) gave a fraction which formed granular crystals, m. p. 142—147°, from methanol. 
These were combined with the first crop and crystallised from nitromethane to give methyl 
dehydrohydroxvelemenate as prisms, m. p. 144—145°, [a], —98-5° (c, 1-8) (Found: C, 79-0; H, 
10:75. C3,H5,03 requires C, 79:1; H, 10-79%). Light absorption: Max. 2330 and 2395 A, 
inflection 2470 A: ¢ = 13,300, 14,650, and 9450. 

Methyl Dehydro-oxoelemenate.—Methyl dehydrohydroxyelemenate (0-54 g.) in benzene 
(50 c.c.) was kept at 20° for 2 hr. with a solution of chromic acid (0-6 g.) in acetic acid (50 c.c.), 
acetone (85 c.c.), and water (5 c.c.). After dilution with water, extraction with ether yielded 
an oil (525 mg.) which was adsorbed from light petroleum-benzene (3: 1) on alumina (50 g.). 
Elution with benzene gave a crystalline fraction (0-27 g.) which gave methyl dehydro-oxoelemenate 
as prisms (from ethanol), m. p. 142° (sublimation to long needles) —146-5°, [«|, —152° (c¢, 0-9) 
(Found: C, 79-45; H, 10-45. C,,H,,O, requires C, 79-4; H, 10-39%). Light absorption : 
Max. 2320 and 2390A, infl. 2450—2480 A: e = 16,350, 18,100, and 11,500. Infra-red 
absorption : bands at 1736 and 1714cm.". 

Fractionation of the Product of the Oxidation of Methyl Acetoxyelemenate with Selenium Di- 
oxide.—Methy] acetoxyelemenate (18-6 g.) was heated under reflux in acetic acid (250 c.c.) with 
selenium dioxide (20 g.)for20hr. After filtration and dilution of the filtrate with water, extraction 
with benzene and ether yielded a dark red oil (19 g.) which was adsorbed from light petroleum 
on alumina (200 g.). Elution with light petroleum (1800 c.c.), light petroleum—benzene (9: 1; 
500 c.c.), light petroleum—benzene (4:1; 250 c.c.), and benzene (150 c.c.) yielded a series of 
fractions (total wt. 8-8 g.) which were mainly methyl acetoxydehydroelemenate. Further 
elution with benzene (350 c.c.; 900 c.c.), benzene-ether (1:1; 500 c.c.) and ether (500 c.c.) 
yielded the following fractions : (i) yellow oil (1-64 g.); (ii) pale yellow oil (0-47 g.); (iii) yellow 
oil (0-67 g.); and (iv) yellow oil (0-21 g.). Fractions (i), (ili), and (iv) corresponded to three 
separate yellow bands on the chromatographic column. Fraction (i) crystallised from light 
petroleum, ethyl acetate, and methanol as rods, m. p. 205—207°, [a], —4-5° (c, 0-39%) (Found : 
C, 73-3; H, 9-3. C,,H,,0, requires C, 72-7; H, 9-15. C,,H,;.O, requires C, 73-05; H, 9-25%). 
Light absorption: Max. 2585 A: ¢ = 7300; infra-red absorption bands at 1761, 1725, 1645, 
and 1618 cm.7. 

Attempted Isomerisation of Methyl Acetoxvelemenate.—(a) Methyl acetoxyelemenate (0-44 g. ; 
m. p. 140—-142-5°; [x], —41-8°) was dissolved in acetic acid (10 c.c.) containing concentrated 
hydrochloric acid (0-5 c.c.), and the mixture kept on the steam-bath for 2} hr. and then 
concentrated to half the volume. After dilution with water, extraction with ether yielded an 
oil (0-38 g.) from which starting material, m. p. 138—140°, [a], —39-6° (c, 1-4), was obtained. 

(b) Methyl acetoxyelemenate (0-26 g.) was dissolved in acetic acid (20 c.c.), and concentrated 
hydrochloric acid (3 c.c.) was added. The mixture was kept at 20° for 3 days, concentrated to 
half the volume, and then kept at 20° for a further 2 days. After dilution with water, extraction 
with ether yielded starting material (0-2 g.), m. p. 137—141°, [a], —38-7° (c, 1-8). Light 
absorption : €);994 = 5300; €o159A = 3100, coop A = 1300, and Ega594 = 1050. 

Attempted Isomerisation of Oxoelemenic Acid.—A rapid stream of dry hydrogen chloride was 
passed through a solution of oxoelemenic acid {0-13 g.; m. p. 233—237°; [a]p +-46-5° (c, 0-49)} 
in dry chloroform at 0° for 1 hr. The solution was then worked up in the usual manner, giving 
unchanged material (0-11 g.), m. p. 233-238", [a], +41-4° (c, 0-59). 
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Attempted Isomerisation of Methyl Acetoxyelemadienate-—Methyl acetoxyelemadienate 
(0-13 g.; m. p. 117—-118°; [«], —50°) was kept at 20° for 4 hr. in 6% formic acid—benzene 
20 c.c.). Unchanged material, m. p. 120°, [a], -—49° (c, 0-7), was recovered. Light 
absorption : €y1994 = 5500, €g:59A = 3355, good = 1490, and ego39A = 1020. 

Oxidation of Hydroxyelemadienic Acid.—(a) A solution of chromic acid (1-75 g.) in acetic 
acid (30 c.c.) containing a few drops of water was added dropwise (5 min.) to a warm (60°) stirred 
solution of hydroxyelemadienic acid (5 g.) in acetic acid (70c.c.). Stirring was continued while 
the solution cooled until precipitation commenced. The solution was then filtered and the 
precipitate washed with water, the washings being collected in the filtrate. The precipitate 
(3-1 g.), m. p. 238—249°, [x], —30-5°, was repeatedly crystallised from acetic acid and from 
ethanol, and sublimed at 250°/10-? mm., yielding needles, m. p. 254—256°, [x], —73° (c, 0-33) 
(Found: C, 78-95; H, 10-1. Calc. for C,9H,,O,: C, 79:6; H, 9-8%. Calc. for C,)H,,O; : 
C, 79:2; H, 10-2%). Light absorption: 2295 (infl.), 2375 (max.), and 2460-2470 A (infl.) ; 
e = 3080, 3000, and 1930. The needles are a mixture containing oxoelemadienic acid and 
dehydro-oxoelemadienic acid. 

The filtrate was cooled to 20°, and the resulting precipitate collected by filtration. The 
product (1-6 g.), m. p. 205—217, [a], +-10-4°, appeared to be oxoelemadienic acid contaminated 
with dehydro-oxoelemadienic acid. 

(b) Hydroxyelemadienic acid (5-0 g.) in acetic acid (125 c.c.) was warmed in the steam-bath 
and a solution of chromic acid (1-65 g.) in water (25 c.c.) added with stirring during 10 min. 
The solution was cooled and the precipitate collected. The filtrate was diluted with water and 
the further precipitate collected and combined with the first. Evaporation of the filtrate gave 
oxoelemadienic acid as needles (from ethanol—acetic acid) (0:87 g.), m. p. 205—215°, [a], +-35-9° 
(c, 2:3). Light absorption : 2360—2390 (infl.) and 2440—2490 A; 680 and 580. 

The combined precipitates were crystallised from ethanol-acetic acid, giving needles, m. p. 
235—252°, [a], —33-5° (c, 1-08). Light absorption: Max. 2315, 2385, and 2470 A; « = 2270, 
2410, and 1880. The needles were methylated with ethereal diazomethane, and the solid 
product (2-08 g.), m. p. 125—149°, was adsorbed from light petroleum on alumina (200 g.). 
After elution with light petroleum (440 c.c.) and benzene (300 c.c.), further elution with benzene 
(110 c.c.; 120 c.c.) gave two fractions: (i) oil (344 mg), [a], —14-4° (c, 0°8), Eeg994 = 2270; 
(ii) oil (364 mg.), [«%]) —50-1° (c, 13), eo3994 = 2480. The column was then cut into six equal 
portions and each portion eluted separately with 30% methanol-ether. 

The second fraction (97 mg.) from the top was crystallised from methanol, giving methyl 
dioxoelemadienate as plates (50 mg.), m. p. 199—203°, [a], —34-5° (c, 0-35) (Found: C, 77-0; 
H, 9-8. C3,H,,O, requires C, 77-1; H, 9-6%). Light absorption: Max. 2520A; ¢ = 9350. 
Infra-red absorption: bands at 1733, 1713, and 1666 cm.7. 


Comparison of the Ultra-Violet Spectra of Samples of Hydroxy- and Oxo-elemadienic Acids. 
€ at the maxima or 


Source of sample Compound (Author’s description) inflections at ca. 
2320 2390 2470A 
Prof. G. A. R. Kon «-Elemolic acid (purified by two treatments with 725 645 590 
Girard Reagent-rT) 
a-Elemolic acid (Puriss.) 935 850 775 
B-Elemonic acid (m. p. 212—-214°; [a)p +45°) 355 205 130 
ie soe eae Elemi acid (crude) 1230 1105 =1035 
Elemi acid (m. p. 221°) 1100 1005 925 
Elemi acid (from elemi acetate) 270 180 125 
Dr. J.C. E. Simpson —_«-Elemolic acid (crude) 350 290 200 
8-Elemonic acid (crude) 1000 875 695 
Present work...... Mixed acids 1000 1065 910 
a-Elemolic acid (from Girard separation) — 290 200 
B-Elemolic acid (from Girard separation) 840 760 510 
Compare methyl acetoxyelemenate (no maximum or inflection)...............44. 215 75 0 


The authors thank Professor E. R. H. Jones, F.R.S., for his interest and advice, and 
Professor H. Lieb (Graz) and the late Dr. J. C. E. Simpson for making available samples of the 
elemi acids. One of them (R. E. H. S.) is indebted to the Ministry of Education for a F.E.T.S. 
grant. Thanks are also proffered to Mr. E. S. Morton and Mr. H. Swift for the microanalyses. 
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845. A Two-step Preparation of Azulene from Naphthalene or 
Tetralin. 
By Witson Baker, W. K. WarsurTOoN, and (in part) L. J. BREDpy. 


The production of up to 0-25% of azulene by dehydrogenation of certain 
commercial specimens of decalin is shown to be due to the presence of deca- 
hydroazulene. The decahydroazulene is derived from naphthalene, via 
tetralin, by rearrangement of the carbon skeleton during reduction at high 
temperature and pressure over a tungsten or molybdenum sulphide catalyst. 

Azulene is most conveniently separated from mixtures by extraction with 
concentrated hydrochloric acid. The yield (24%) of azulene from decahydro- 
and other reduced azulenes by vapour-phase dehydrogenation is much higher 
than previously claimed; this favourable result is due to the large amount of 
decalin employed as carrier. 


SEVEN years ago Dr. G. O. Aspinall, and later Dr. P. G. Jones, working in this laboratory 
observed that vapour-phase dehydrogenation of certain specimens of decalin over a 
palladium—charcoal catalyst gave a product, containing much naphthalene, which was 
unexpectedly blue.* The substance responsible for the colour behaved as an azulene by 
dissolving in 85°%, phosphoric acid giving a brownish solution which regenerated the blue 
colour on dilution with water. 

We have now isolated azulene in up to 0-25°,, yield from these blue dehydrogenation 
products, using a new rapid procedure involving extraction with concentrated hydro- 
chloric acid. The fact that azulene dissolves in concentrated hydrochloric acid has not 
previously been reported, though Plattner, Heilbronner, and Weber (Helv. Chim. Acta, 
1952, 35, 1036) record that guaiazulene is soluble in this acid. This preparation of azulene 
from a cheap, commercial product was most attractive, but it was found that different 
samples of decalin gave amounts of azulene which varied from 0-0 to 0-25%. The many 
references to the dehydrogenation of decalin, including the use of palladium—charcoal at 
340°, platinum— or palladium-asbestos at 300°, platinum-—charcoal at 333°, osmium— 
asbestos at 228—277°, and nickel—charcoal at 350°, contain no mention of the occurrence 
of azulene in the product (see Elsevier, ‘‘ Encyclopedia of Organic Chemistry,” Series III, 
Vol. 12B, pp. 84—85). 

Experiments have shown that for the production of azulene : (a) the temperatures may 
vary from 350° to 420° (most of the experiments were conducted at 380—400°/20 mm.) ; 
(6) a 1% is as active as a 10% palladium-charcoal catalyst, but the latter yields more 
naphthalene and retains its activity for longer; (c) a catalyst which gives almost complete 
conversion of the decalin into naphthalene gives no more azulene than one which gives 
insufficient naphthalene to crystallise from the unchanged decalin, and the rate of addition 
of decalin is conveniently adjusted to give a product containing only a small amount of 
solid naphthalene. 

With regard to the formation of azulene it could clearly not be due to isomerisation of 
naphthalene, because the reverse change is known to occur under very similar conditions 
(Heilbronner, Plattner, and K. Wieland, Experientia, 1947, 3, 70; Giinthard, Siiess, 
Marti, Fiirst, and Plattner, Helv. Chim. Acta, 1951, 34, 959). Indeed, when a 1% solution 
of azulene in decalin (a specimen which itself yielded no azulene on dehydrogenation) was 
submitted to the normal dehydrogenation procedure, only 25% of the azulene was 
recovered. Again, the azulene cannot be derived from decalin by rearrangement of the 
carbon skeleton before or during dehydrogenation, because all specimens of decalin would 
then give the same yield of azulene. It was, therefore, assumed that certain commercial 

* In a few experiments in which the same specimens of decalin were similarly passed over untreated 
charcoal, supplied by the British Drug Houses, Limited, traces of azulene were again obtained, but not 
enough naphthalene to separate in the solid state. This result we attribute to the presence of metals; 
spectrochemical analysis showed the presence, amongst other metals, of copper in some quantity, smaller 
amounts of chromium, nickel, and manganese, and traces of vanadium, tin, and titanium. We are 
grateful to Dr. G. Ludwell and Dr. S. W. K. Morgan of the Imperial Smelting Corporation Limited, 
Avonmouth, for this analysis. 
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decalins contained a substance which yielded azulene by dehydrogenation, and the main 
purpose of this paper is to report the identification of this substance as decahydroazulene 
and its origin as the naphthalene from which the decalin was originally prepared. The 
true explanation of these unexpected findings was reached only after exploration of others 
which seemed at first more likely. In the following account the expressions “ active 
decalin ’’ and “ inactive decalin ” refer to decalin which did, or did not, yield azulene on 
dehydrogenation. 

Through the kindness of the heads of many chemistry departments of Universities, 
University Colleges, Technical Colleges, and of industrial organisations, we obtained many 
specimens of decalin which varied in their ability to yield azulene, but only one gave no 
azulene at all. There appeared to be some correlation between the age of the decalin and 
its ability to produce azulene (this is referred to later), and this suggested that the decalin 
had undergone a change on storage with production of the azulene precursor. trans- 
Decalin combines with oxygen to give the 9-hydroperoxide and this has been converted by 
several steps into azulene (see Criegee, Ber., 1944, 77, 22, 722; Annalen, 1948, 560, 127; 
Cope and Holzmann, J. Amer. Chem. Soc., 1950, 72, 3062). It was conceivable, therefore, 
that the hydroperoxide might give an azulene derivative, ¢.g., via 1 : 6-epoxy-1-hydroxy- 
cyclodecane, 6-hydroxycyclodecan-l-one, cyclodecane-1 : 6-dione, and cyclopentenocyclo- 
heptenone. The following evidence, however, showed that this could not be the case. 

All specimens of active decalin contained peroxide, but there was no relation between 
the peroxide content and the yield of azulene. The yield of azulene was not raised by 
treatment of the decalin with oxygen at 120° (conditions which give the 9-hydroperoxide ; 
Criegee, loc. cit.), even after such decalin had been kept for three months. trans-9-Decaly] 
hydroperoxide, its benzoyl derivative, and 1-tetralyl hydroperoxide gave no azulene when 
submitted to dehydrogenation in inactive decalin, but cvclodecane-1 : 6-dione gave azulene 
in 7% yield. 

Negative evidence as to the nature of the precursor was obtained by the following 
experiments. Treatment of active decalin with Girard P reagent or with 2 : 4-dinitro- 
phenylhydrazine did not diminish the activity, although small quantities of ketones were 
removed. Repeated shaking with concentrated sulphuric acid also failed to affect the 
activity. Four possible precursors (I), (II), (III), (IV), which as 1—2% solutions in 
inactive decalin gave 22, 19, 22, and 12% yields of azulene respectively when 
dehydrogenated, were all rapidly removed from decalin by shaking with concentrated 
sulphuric acid. Moreover, active decalin, purified by treatment with ten portions of 
sulphuric acid, and then with several portions of 2: 4-dinitrophenylhydrazine, did not 
react with bromine in the cold as did substances (I) to (IV), and its infra-red spectrum 
showed that carbonyl and hydroxyl groups were absent. Active decalin retained its 
activity after hydrogenation in presence of 10% palladium-—charcoal at 200°/300 atm. 
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This evidence is consistent only with the supposition that the azulene precursor is 
decahydroazulene (V), a specimen of which (Giinthard, Siiess, Marti, Fiirst, and Plattner, 
Helv. Chim, Acta, 1951, 34, 959) when dehydrogenated as a 2°, solution in inactive decalin 
gave azulene in 24% yield. 

Attempts to isolate decahydroazulene from active decalin have been unsuccessful. 
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A sample (ca. 500 g.) of active decalin, purified by treatment with sulphuric acid and then 
with 2 : 4-dinitrophenylhydrazine, was very slowly fractionated in a Podbielniak column at 
atmospheric pressure in nitrogen, using a reflux : distillation ratio of 45:1; the maximum 
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efficiency of the column was 110 theoretical plates at total reflux. The fractionation 
yielded approximately 5% of butylbenzenes, 70° of trans- and 15% of cts-decalin, and 
10°% of tetralin; no separate decahydroazulene fraction was obtained. Dehydrogenation 
showed that the azulene precursor occurred partly in the trans-decalin (b. p. ca. 184— 
185°, n® 1-4695), and in about twice the concentration (giving 0-45°, of azulene) in the 
cis-decalin (b. p. ca. 194—195°, n? 1-4789); the highest concentration (giving 0-60% of 
azulene) was found in a small fraction collected at 192-8—194-2°/775 mm. (n? 1-4766), 
between the boiling points of érans- and cts-decalin; this observation is consistent with 
the conclusion that the precursor is decahydroazulene. This fractionation was carried 
out in the laboratories of Imperial Chemical Industries Limited, Blackley, Manchester, 
through the kindness of Dr. M. A. T. Rogers. 

No concentration of the decahydroazulene was achieved by chromatography, by 
freezing, or by complex formation with thiourea which gave crystalline inclusion com- 
pounds with cis- and trans-decalin and with decahydroazulene. 

Origin of Decahydroazulene in Certain Technical Decalins—The decahydroazulene 
might have been derived etther from some compound containing the azulene skeleton 
present in the original naphthalene, or from naphthalene by rearrangement of the carbon 
skeleton during reduction. Through the kindness of Dr. D. McNeil, Director of Research 
of the Coal Tar Research Association, Gomersal, Leeds, we were able to examine many 
representative, pooled specimens of naphthalene, but none gave azulene when 
dehydrogenated in decalin. Decalins obtained from crude and refined naphthalenes by 
reduction at low temperature and pressure gave no azulene on dehydrogenation. 

We were informed by Dr. D. McNeil, and by Dr. W. d’Leny, of Imperial Chemical 
Industries Limited, Durham, that decalin had been prepared technically either from 
fairly pure naphthalene by low temperature and pressure hydrogenation, or from crude 
naphthalenes by hydrogenation at about 370°/250 atm. over a molybdenum trisulphide or 
tungsten trisulphide catalyst. The latter process was formerly carried out at Billingham, 
from where one of the most active specimens of decalin had come, and some isomerisation 
to methylindanes had been observed under these conditions. This isomerisation was also 
reported by Khadzhinov (Ukrain. Chem. J., 1933, 8, 333) when reducing naphthalene 
at 430—440°/120 atm. over a molybdenum sulphide catalyst. It seemed possible, there- 
fore, that during the reduction of naphthalene at high temperature and pressure over such 
a sulphide catalyst, some rearrangement of the carbon skeleton might occur to give, 
amongst other products, decahydroazulene. This suggestion, which was independently 
made to us by Dr. D. McNeil, has been found to be correct. Specimens of pure naphthalene 
were reduced in presence of Raney nickel at 120—140°/100 atm. and at 400°/200—250 atm. ; 
neither of the resulting decalins gave any azulene on dehydrogenation. When this same 
naphthalene was reduced in presence of a tungsten trisulphide catalyst at 385—410°/200— 
230 atm., the resulting decalin, after distillation from Raney nickel to remove traces of 
sulphur, gave a 0-185°% yield of azulene on dehydrogenation over palladium—platinum— 
charcoal at 380°. A series of further experiments carried out in collaboration with 
Dr. E. W. Sawyer of Imperial Chemical Industries Limited, Billingham, showed that 
tungsten trisulphide is slightly more active in giving azulene at 370° than at 405° (0-18 
and 0-13% yields respectively), and that a molybdenum trisulphide catalyst is less active 
at these temperatures (0-1°, yield). 

The rearrangement takes place at some intermediate stage in the reduction of naph- 
thalene to decalin. When inactive decalin is submitted to the action of hydrogen at 
ca. 400°/200 atm. over a tungsten sulphide catalyst it remains inactive, but when it is 
mixed with an equal volume of inactive tetralin and reduced under the same conditions, a 
0-17°% yield of azulene is obtained. The reduction of tetralin is more convenient than the 
reduction of naphthalene, and is as effective in giving decahydroazulene. 

The apparent correlation, previously mentioned, between the age of many specimens of 
decalin and their ability to yield azulene, is undoubtedly due to the fact that Imperial 
Chemical Industries Limited, one of the larger manufacturers of decalin, ceased some 
years ago to prepare it by reduction of naphthalene at high temperature and pressure over 
metallic sulphide catalysts. 
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The new azulene synthesis in two steps from naphthalene or tetralin appears to have 
advantages, particularly for large-scale preparative work, over the recently:described two- 
step synthesis from indane by ring-enlargement with diazomethane and dehydrogenation 
(Doering, Mayer, and DePuy, J. Amer. Chem. Soc., 1953, 75, 2386). 

Note on the Use of Decalin as a Carrier in Dehydrogenation Processes.—Although azulenes 
have always been prepared by a final dehydrogenation process, the yields have seldom 
been accurately stated, and, if mentioned at all, have been referred to as very small. The 
following three cases of the preparation of azulene itself give quantitative information. 
Anderson and Nelson (J. Amer. Chem. Soc., 1951, 73, 232) dehydrogenated 1 : 2:3:4:5: 6- 
hexahydroazulene in the vapour phase over palladium-—charcoal at 320—340°/15 mm., and 
obtained azulene in 3-4% yield, but when allowance was made for 82% of recovered 
starting material the yield was 18%. Giinthard et al. (loc. cit.) made a detailed study of 
the dehydrogenation of 1: 2:3:4:5:6:7:10-octahydroazulene, and obtained as their 
highest yield 11°4 of azulene using 5% palladium-charcoal at 328°/1 atm. in nitrogen. 
Doering, Mayer, and DePuy (J. Amer. Chem. Soc., 1953, 75, 2386) dehydrogenated a 
tetrahydroazulene over 5% palladium-charcoal at 340°/20 mm., and obtained azulene in 
18:3% yield. With the object of preventing the isomerisation of the azulene to 
naphthalene, the need for rapid dehydrogenation involving very brief contact of the vapour 
of the hydroazulene with the catalyst has been stressed (see, e.g., Nunn and Rapson, 
J., 1949, 825). 

The new technique of using a solution (say 2%) of the hydroazulene in decalin under 
similar conditions is clearly of considerable advantage; in the case of decahydroazulene 
a 24% yield of azulene is obtained in one operation, and its separation from naphthalene, 
decalin, and tetralin presents no difficulty. The precise functions of the decalin are not 
known, but it will undoubtedly diminish the time during which the azulene derivatives and 
the azulene itself are in contact with the catalyst surface, by itself occupying the surface 
whilst undergoing dehydrogenation. Another effect is likely to be to sweep the azulene 
and derivatives rapidly through the tube owing to the large total volume of organic vapour 
and evolved hydrogen. Other carriers, ¢.g., tetralin, appear equally effective, and it is 
likely that a carrier which itself undergoes dehydrogenation may find use in other cases 
than for the preparation of azulenes, provided that the desired product may be readily 
separated from the carrier and from its dehydrogenation products. 


EXPERIMENTAL 

Light petroleum refers to the fraction of b. p. 40—60°, unless otherwise stated. 

Palladium—Platinum Charcoal.—Chloroplatinic acid (7:3 g.) and palladium chloride (4-0 g.) 
were dissolved in concentrated hydrochloric acid (45 c.c.) and water (400 c.c.), granular charcoal 
(for gas absorption, B.D.H.) (400 g.) was added, and then 35°% aqueous formaldehyde (635 c.c.). 
The mixture was mechanically stirred and cooled to —10°, and a solution of potassium 
hydroxide (580 g.) in water (580 c.c.) added so that the temperature did not exceed 5°. The 
mixture was then vigorously stirred at 60° for 15 min., and the catalyst well washed with water 
by decantation and finally with 1% acetic acid, then collected, washed with distilled water until 
free from chloride, and dried over calcium chloride. 

Tungsten Sulphide.—Tungstic acid (technical, 60 g.) was dissolved in aqueous ammonia 
(d 0-88; 140 c.c.) and water (400 c.c.) at 40—50° with mechanical stirring during 2 hr. and the 
filtrate boiled until most of the ammonia was removed. Hydrogen sulphide was then passed in 
during 24 hr. at room temperature and the solution made acid with dilute sulphuric acid. The 
brown precipitate (65 g.) was collected without suction on large filter-papers, washed, and dried 
over sulphuric acid. 

Dehydrogenation.—A Pyrex tube (75 x 0-6 cm. internal diameter) was filled for a length of 
60 cm. with palladium—platinum-—charcoal catalyst (17 g.).. This tube passed through a vertical 
iron tube (60 cm. long), electrically heated and lagged so that an internal temperature of 
ca. 380° could be maintained. The decalin solution was admitted dropwise through a fine 
orifice from a reservoir at the rate of ca. 10-c.c. per hr., the whole evacuated with a water-pump, 
and the product collected at room temperature in a tube fitted with a side-arm. In the presence 
of the large amounts of naphthalene and decalin no isolable quantity of azulene was lost from 
the dehydrogenation product. The dehydrogenation of the decalin solutions of the substances 
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(I), (11), (111), and (1V) was carried out similarly; the optimum rates of addition of the solutions 
were, in the first three cases, ca. 20, 60, and 10 c.c. per hr. respectively. 

Isolation of Azulene.—The isolation was carried out as rapidly as possible to the stage of 
either formation of the complex with 1 : 3: 5-trinitrobenzene, or chromatography, in order to 
minimise loss of azulene through (1) its instability in mineral acid solution (2) its high vapour 
pressure, and (3) the fact that it is stable only when fairly pure, being otherwise slowly converted 
into a green product, insoluble in light petroleum. 

The deep blue dehydrogenation product (50 c.c.) was mixed with enough light petroleum 
(usually an equal volume) to dissolve any naphthalene and to render the material more fluid, 
then shaken vigorously with concentrated hydrochloric acid (25 ¢.c.; d 1-18) for 15 seconds. 
The acid layer was shaken with light petroleum (50 c.c.), and the clear portion of the lower 
brown layer run into water (100 c.c.) in a separating funnel. The process was repeated twice 
with 10 c.c. of hydrochloric acid. The precipitated, crystalline azulene was extracted with 
light petroleum (40 c.c.) and the organic layer washed with water and filtered through anhydrous 
sodium sulphate into a weighed flask. The solvent was removed by gentle agitation of the 
flask while it was evacuated at the water-pump. Azulene remained as intensely blue, rhombic 
plates. 

Purification of Azulene.—Sublimation at room temperature under reduced pressure gave 
pure azulene, but was less convenient than other methods. One crystallisation from light 
petroleum or alcohol gave a product of m. p. ca. 96°. Azulene of high purity was obtained by 
dissolving the hydrocarbon (1 part) in ethanol (10 c.c. per g.) and adding a boiling, almost 
saturated, ethanolic solution of 1: 3: 5-trinitrobenzene (2 parts). The complex separated in 
purplish-brown needles which were collected after cooling and washed with a little cold ethanol; 
it had m. p. 164° (Found, after one recrystallisation from ethanol: C, 56-4; H, 3-4; N, 12-4. 
Calc. for C,gHs,C,H,O,N,: C, 56-4; H, 3-2; N, 12-3%). Plattner and Pfau (Helv. Chim. Acta, 
1937, 20, 224) give the m. p. of azulene as 98-5—99° after purification on an alumina column, 
and the m. p. of the trinitrobenzene complex as 166-5—167-5°. The complex was readily 
decomposed on activated Brockman alumina (Plattner and Pfau) to give an almost quantitative 
yield of azulene, m. p. 99°. 

Azulene of only slightly lower purity was obtained by passing the crude hydrocarbon in light 
petroleum through a column of unactivated Brockman alumina. The column, which had 
several brown and greenish-brown bands, was developed with 1: 1 ether—light petroleum and 
eluted with ether. The recovery of azulene after removal of solvent was 90—93°% of material, 
m. p. 97-5—-98-5°; acolumn 10 x 60 mm. was required to purify 100 mg. of azulene. Azulene 
did not form a complex with 2: 4: 7-trinitrofluorenone. 

Estimation of Azulene.—Colorimetric estimations were made with a Hilger Spekker photo- 
electric absorptiometer, with l-cm. cells and ruby filters. Pure azulene was dissolved in light 
petroleum (b. p. 100—120°) and calibration curves were constructed at concentrations between 30 
and 200 mg./100 c.c. Below 80 mg./100 c.c. Beer’s law could be used, but at higher 
concentrations the curve was necessary. The addition of various amounts of naphthalene, 
decalin, and tetralin did not affect the optical density. The blank cell contained light 
petroleum (b. p. 100—120°). A known volume (usually 5 c.c.) of the decalin to be tested was 
passed at a uniform rate of 10 c.c./hr. through fresh catalyst which had been previously heated 
for at least 1} hr. and through which 10 c.c. of pure decalin had been passed. The column was 
then similarly treated with 2 c.c. of pure decalin by which time the product, mainly naphthalene, 
was colourless. The column was kept evacuated during all these operations. The blue mixture 
of hydrocarbons was then dissolved in light petroleum (b. p. 100—120°) to a volume of 25 c.c., 
and estimated colorimetrically. Reproducibility was 5—10% for the dehydrogenation and 
4 for the estimation. The catalyst was changed when its activity began to decline, 
usually after about five estimations. 

Purification of Decalin.—Samples of decalin described as purified were shaken at room 
temperature with successive portions (} volume) of concentrated sulphuric acid until only a 
faint colour was observed in the acid layer; this required up to 10 portions of acid. The decalin 
was washed with water and stirred vigorously for 2 hr. at 60° with an equal volume of a saturated 
solution of 2: 4-dinitrophenylhydrazine in 2N-hydrochloric acid, and the decalin separated, 
filtered, and again stirred with dinitrophenylhydrazine solution until no more orange or red 
solid was formed. The washed decalin was finally dried, and distilled at 20 mm. pressure. 

The 2: 4-dinitrophenylhydrazones obtained were always very small in amount, and only 
one has been definitely identified as the 2 : 4-dinitrophenylhydrazone of 1:2:3:4:5:6:7: 8- 
octahydro-4-oxoazulene (IV). Some of the active decalin samples gave a dark red 2 : 4-dinitro- 
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phenylhydrazone (ca. 10 mg. from 50 c.c. of the decalin) which formed short needles (from 
ethyl acetate or methanol), m. p. 250—251° (decomp.). The m. p. was not depressed on 
admixture with the 2 : 4-dinitrophenylhydrazone prepared directly from a synthetical specimen 
of (IV); this also had m. p. 250—251° (decomp.) (Found: N, 16-6. C,gH,,0O,N, requires 
N, 17:0%). An isomeric 2: 4-dinitrophenylhydrazone (or possibly a polymorph of the 
preceding 2: 4-dinitrophenylhydrazone) was formed from one sample of decalin; after 
purification on an alumina column and crystallisation from ethyl acetate it formed brick-red 
needles, m. p. 227—-228° (Found: C, 58-0; H, 5-2; N, 17-4. C,gH,,0,N, requires C, 58-2; 
H, 5°5; N, 17-0%). 

Hydrogenation of Naphthalene.—In all experiments, recrystallised naphthalene, m. p. 80— 
81°, was used. 

(a) With nickel catalyst. Naphthalene was hydrogenated at 120—140°/100 atm., and at 
400° /200—250 atm. After fractionation neither sample of decalin yielded any azulene on 
dehydrogenation, 

(b) With tungsten trisulphide catalyst. Naphthalene (55 g.) was hydrogenated in presence of 
tungsten trisulphide (prepared as described above), benzene (40 c.c.), and carbon disulphide 
(20 c.c.), at 385—410°/200—230 atm. for 6 hr. The product which had a blue fluorescence 
(50 g.) was distilled from Raney nickel, giving a colourless liquid, 45 g., b. p. 170—200°, nj? 
1-4882, which developed a deep yellow colour with tetranitromethane and yielded 0-185% of 
azulene on dehydrogenation. When a tungsten trisulphide catalyst supplied by Imperial 
Chemical Industries Limited was used the yield of azulene was 0-175%. Tetralin, which 
gave no azulene on dehydrogenation, when mixed with an equal volume of inactive decalin, 
gave under the same conditions 0-17% of azulene on dehydrogenation. 

Decahydroazulene.—1 : 2:3:4:5:6: 7: 8-Octahydro-4-oxoazulene was reduced by the 
Clemmensen—Martin procedure, giving 1:2:3:4:5:6:7:8-octahydroazulene (81%), b. p. 
70—71°/28 mm. (Found: C, 88-4; H, 11-8. Calc. for C,H,,: C, 88-2; H, 11-:8%) 
(cf. Giinthard et al., loc. cit.). This hydrocarbon gave an intense yellow colour with tetranitro- 
methane, formed a liquid, blue addition product with nitrosyl chloride, and with bromine at 0° 
rapidly evolved hydrogen bromide. The octahydroazulene was hydrogenated (12 hr.) in light 
petroleum (15 c.c.) at 250°/25 atm. in presence of Raney nickel. The product, which showed 
only a very faint yellow colour with tetranitromethane, gave, after two distillations, deca- 
hydroazulene (86%), b. p. 63—64-5°/7 mm., n?? 1-4743 (Found: C, 87:1; H, 12-9. Calc. 
for C,9H,,: C, 86-9; H, 13-1%) (cf. Giinthard et al., loc. cit.). 
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846. Organosilicon Compounds. Part VII.* A Molecular Complex 
between Iodine and Tricyclohexyliodosilane. 
By C. EABorRN. 
The existence is reported of a 1 : 1 molecular complex between iodine and 
tricyclohexyliodosilane. 


Tue colour of solutions of iodine in trialkyliodosilanes is similar to that of iodine in methyl 
iodide, which suggested to us that organosilicon iodide—-iodine complexes might be present 
(cf. Keefer and Andrews, ]. Amer. Chem. Soc., 1952, 74, 1891; Hastings, Franklin, Schiller, 
and Matsen, ibid., 1953, 75, 2900). Mixtures of iodine and trimethyliodosilane showed 
significant light absorption at 260—340 mu in both hexane and carbon tetrachloride, with 
a maximum at 270—290 mu in the former solvent, but instability of the iodide prevented 
quantitative study. Mixtures, in hexane, of iodine and the relatively stable tricyclo- 
hexyliodosilane showed markedly enhanced absorption below 360 mu, with a flat maximum 
at 284—292 mz (probable peak ~289 my), and the absorption figures at 290 my for various 
concentrations were analysed by Benesi and Hildebrand’s method (idrd., 1949, 71, 2703). 
A straight line was obtained when [I,]/D was plotted against 1/[A}, where [I,] and [A] are 
the respective molar concentrations of iodine and tricyclohexyliodosilane (cf. Hastings 
* Part VI, J., 1953, 3148. 
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et al., loc. cit.), and D is the optical density of the solution for a l-cm. light-path (after 
correction for the absorption of free iodine present). Thus the absorption arises from a 
1 : 1 molecular complex, and the equation 

[LUD iReA +i, . ss «6 ee ee 
applies, where ¢. is the molecular extinction coefficient of the complex, and K is the 
equilibrium constant of the equilibrium I, + R,Sil = R,Sil,I, at 18°. 

The reciprocal of the intercept on the [I,}/D axis shows ¢ to lie between 17,000 and 
29,000, with a most probable value of 22,000, and insertion of this figure in equation (1) 
gives the value of K at each concentration. Use of absorptions at 300 or 320 in place of 
those at 290 mu gives similar results. 


10? x [R,Sil], m 1-081 2-569 5-110 7-098 8-184 12-66 14-14 16-38 25-34 32-77 
10° x [I,],mM ... 2:05 1-025 2-050 0-492 O-167 0-512 0-984 0-333 0-974 0-666 
i} 2: eee | 4:60 1-758 5-94 2-32 10-70 22-00 8-50 36-85 30-15 
Men naa 79 Sl 79 82 82 82 80 80 82 80 


In stability the complex falls between the tsopropyl iodide—iodine and the tert.-butyl 
iodide~iodine complex (K = 0-44 and 1-33, respectively; Keefer and Andrews, Joc. cit.). 
The stability depends largely on the electron density on the iodine atom of the halide, 
and while the Si-I bond should be inherently more polar than the C-I bond, because of 
the more electropositive character of silicon, the stabilization of secondary and, particularly, 
tertiary alkylcarbonium ions by hyperconjugation will compensate for this. Siliconium 
ions, which are less stabilized by conjugation (Gilman and Dunn, tbid., 1950, 72, 2178; 
Gilman and Wu, 7did., 1953, 75, 3762) are presumably less stabilized by hyperconjugation. 

Organosilicon iodide-iodine complexes account in part for the absorption maxima at 
270—290 my which develop in mixtures of triethyl- or tri¢sobutyl-silane in carbon tetra- 
chloride, presumably as the reaction R,SiH -+- I, —» R,Sil + HI proceeds (Deans and 
Eaborn, Research, 1952, 5, 592). The rest of this absorption, and a maximum of lower 
intensity at 350—360 mu, seem to come from the tri-iodide ion, which has peaks at 352 
and 289 my in water and at 363 my in carbon tetrachloride containing acetone (Custer and 
Matelson, Analyt. Chem., 1949, 21, 1005; Benesi and Hildebrand, J. Amer. Chem. Soc., 
1950, 72, 2273). Mixtures of iodine and a little hydrogen iodide in carbon tetrachloride 
or hexane showed peaks at 280—290 and 350—360 mu, but higher concentrations of 
hydrogen iodide caused a cloudiness, and after removal of this with alumina the peaks 
were absent, although hydrogen iodide and iodine were still present. Presumably the 
solvents, although carefully dried, had picked up traces of water; when these were removed 
by excess of hydrogen iodide and alumina, tri-iodide ion could not exist in the system. 
In the tricyclohexyliodosilane—iodine system low absorption in the 360-my region showed 
that formation of tri-iodide ion by water was insignificant. The theory of Hastings e¢ al. 
(loc. cit.) would predict an absorption maximum of ~240 my for an HI,I, complex, an 
ionization potential of 10-33 ev being assumed for hydrogen iodide. The theory indicates 
an ionization potential of ~9-2 ev for tricyclohexyliodosilane (see also McConnell, Ham, 
and Platt, J. Chem. Phys., 1953, 21, 66). 

Absorption Spectrum of Tricyclohexyliodosilane.—The absorption of trimethyliodosilane 
in hexane is complicated by decomposition, but there is no maximum above 220 mu; at 
240 mz <¢ is <40. Tricyclohexyliodosilane in hexane has emax. == 2800 at 209 my. This is 
surprisingly different from the absorption of alky] iodides; tert.-butyl iodide, for example, 
has emax, = 590 at 270 my (Haszeldine, /., 1953, 1764). If the absorption in both cases 
arises from photodissociation to give the same excited iodine atom, the shift of Amax. is 
greater than expected from consideration of the empirical energies of Si-I and C-I bonds 
(51-1 cal. and 45-5 or 57 cal., respectively; Pauling, “‘ Nature of the Chemical Bond,” 
Ithaca, New York, 2nd Edn., 1940, p. 53; Sidgwick, ‘‘ The Chemical Elements and their 
Compounds,” Oxford Univ. Press, Oxford, 1950, Vol. I, p. xxxi), and may even be in the 
wrong direction. Bond-dissociation energies, which would be more significant, are not 
available for Si-I bonds. In spite of their lower absorption in the nearer ultra-violet, 
organosilicon iodides liberate iodine much more rapidly in sunlight than does, say, methyl 
iodide. 
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In line with the behaviour of tricyclohexyliodosilane, triethylbromosilane has no 
maximum above 200 my (eis <5 at 210 my, and <20 at 200 mz), whereas methyl bromide 
has ¢ ~100 at 217 my and emax, 182 at 204 my (Fink and Goodeve, Proc. Roy. Soc., 1937, 
A, 163, 592). 

EXPERIMENTAL 

Tricyclohexyliodostlane.—This compound, m. p. 97—98°, was prepared by Nebergall and 
Johnson’s method (J. Amer. Chem. Soc., 1949, 71, 4022) but with recrystallization from 
light petroleum at 0°. 

Spectra.—A Unicam S.P. 500 spectrophotometer was used. 

Hexane, which was free from light-absorbing impurities, was boiled with calcium hydride 
and distilled from this substance. ‘‘ AnalaR’’ carbon tetrachloride was dried over phosphoric 
oxide and distilled from this substance. 

The following data enable the absorption curve of tricyclohexyliodosilane in hexane to be 


drawn : 

Rit). scenes 270 260 250 240 230 220 216 212 209 206 204 200 

Wy ceutesnneese see 0 ~3 20 130 =590 1640 2205 2780 2825 2725 2535 2150 
The absorption obeyed Beer’s law in the range studied (10°—10%m). Free iodine present 


was less than could be detected by its absorption at 520 mu. 
A grant from the Research Fund of the Chemical Society is gratefully acknowledged. 
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847. cycloOctatetraene Derivatives. Part I1I.* cycloOctylphenols. 
By WILiiaM O. JONEs. 


cis-cycloOctene gave a 6: 1-mixture of o- and /p-cyclooctylphenol on 
condensation with an excess of phenol in the presence of an acidic catalyst. 


Ir is known that phenol combines readily with unsaturated hydrocarbons in the presence 
of a catalyst to give a mixture of ortho- and para-substituted phenols, the latter being the 
principal product (Hickinbottom, ‘‘ Reactions of Organic Compounds,”’ Longmans Green, 
1948, p. 32). The reaction of cts-cyclooctene (from cyclooctatetraene) with phenol in the 
presence of boron trifluoride has been examined. When equimolar quantities of phenol 
and hydrocarbon were used, the yield of monocyclooctylphenols was only 12%, the major 
product (60°) being a dicyclooctylphenol. By increasing the phenol : cycloolefin ratio to 
3:1, a 75% yield of the mono-derivatives was obtained. The mixture of isomers was 
easily separated with cold dilute sodium hydroxide. /-cycloOctylphenol, m. p. 116°, 
was precipitated immediately as the sparingly soluble sodium salt, whereas the ortho- 
isomer (a liquid at room temperature) was not affected and could be removed by centri- 
fugation or by washing with an organic solvent. The ortho-isomer was soluble in hot 
15°, sodium hydroxide solution. 

The ratio of ortho- to para-isomer was approximately 6:1, which was unexpectedly 
high. An instance of a high ortho/para ratio (4:1) has been recorded (Lefebvre and 
Levas, Compt. rend., 1945, 221, 301) for the cyclohexylphenols obtained in the preparation 
of phenoxycyclohexane. 

The solid isomer was shown to have the para-configuration, by oxidation of its methyl 
ether to p-anisic acid. This result also agrees with the general rule that fara-isomers 
have higher melting points than the corresponding ortho-compounds. 

The preparation of several derivatives of the cvclooctylphenols is described. After 
fruitless attempts to prepare 2 : 4-dinitro-6-cyclooctylphenol by methods similar to those 
employed for the preparation of the cyclohexyl analogue (Pest Control Ltd., B.P. 620,026; 
Dow Chem. Co., U.S.P. 2,384,365), the required compound was satisfactorily prepared by 
nitrating 0-cyclooctylphenol in chloroform at 0°. 


* Part II, J., 1953, 2500 
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EXPERIMENTAL 

The Reaction of cis-cycloOctene with Phenol.—cycloOctene (110 g., 1 mole) was added during 
70 min. to a stirred mixture of phenol (284 g., 3 moles) and boron trifluoride—acetic acid complex 
(7-5 g.) at 60—65°. After a further 3 hr. at this temperature, the excess of phenol was removed 
with boiling water (4 x 250 ml.). The insoluble dark red oil was then treated with sodium 
hydroxide (44 g. in 500 ml. of water) which caused the separation of sodium p-cyclooctylphenoxtde 
(glistening white plates from hot dilute sodium hydroxide) (Found: C, 61-4; H, 8-7; Na, 8-3. 
C,,H,,ONa,2}H,O requires C, 62-0; H, 8-9; Na, 85°). The crude sodium salt was isolated 
by centrifugation and washed thoroughly with ether. The solid was acidified with dilute hydro- 
chloric acid and extracted with ether. The solvent layer washed and dried. p-cycloOctylphenol 
formed needles {from light petroleum (b. p. 100—120°)], m. p. 116°, b. p. 134—136°/7 mm. 
(24-5 g. after one crystallisation) (Found: C, 82-3; H, 10-0. C,,H, ,O requires C, 82-3; H, 
9-9°%). The phenol was not volatile in steam, gave no colour with ferric chloride, and formed a 
very sparingly soluble sodium salt. 

The alkaline filtrate from the centrifuge was shaken with the ether washings from the sodium 
salt, the ether layer was washed with water, dried and fractionated. The major portion (130 g. ; 
b. p. 118—120°/0-4 mm.; m}P 1-5557) consisted of o-cyclooctylphenol (Found: C, 82-2; H, 10-0. 
C,4H 90 requires C, 82-3; H, 9:9%). An extremely viscous, pale yellow liquid (11 g.) obtained 
at 198°/0-4 mm. was probably 2 : 4-dicyclooctylphenol (although the possibility that it is cyclo- 
octyl o- or p-cyclooctylphenyl ether has not been ruled out) (Found: C, 83-9; H, 10-9. C,,H 3,0 
requires C, 84-0; H, 10-9%); it was not soluble in hot 50% alkali. 

o-cycloOctylphenol could be obtained crystalline (m. p. 20° approx.) by cooling its solution 
in light petroleum to —40°. The phenol was not volatile in steam; it was unaffected by sodium 
hydroxide solution (15%) at room temperature although it dissolved in the boiling liquid, which 
then deposited the crystalline sodium salt on cooling. 

When equimolar quantities of cyclooctene and phenol were used in the condensation the 
principal product (70%) was 2 : 4-dicyclooctylphenol. 

Derivatives.—The following derivatives of the two phenols were prepared by standard 
methods: Methyl o-cyclooctylphenyl ether, b. p. 95° /0-2 mm., f. p. <—20°, nf 1-5379 (Found : 
C,82-6; H, 10-3. C,;H,,O requires C, 82-6; H, 10-1%); methyl p-cyclooctylphenyl ether, b. p. 
110°/0-3 mm., f. p. 8—9°, nf 1-5357 (Found: C, 82-2; H, 10-4%) [treatment of the p-ether 
(2 g.) with potassium permanganate (5 g.) in boiling dilute sulphuric acid during 3 hr. gave 
unchanged ether (1:1 g.) and p-anisic acid (0-15 g.), m. p. and mixed m. p. 184°]; p-cyclo- 
octylphenyl benzoate, needles, m. p. 120°, from ethanol (Found: C, 81-5; H, 8-0. C,,H,,O, 
requires C,81-8; H, 7:8%); 0-cyclooctylphenyl acetate, b. p. 112°/0-2 mm., nj}? 1-5251 (Found : 
C, 77-9; H, 9:2. C,,H,.0, requires C, 78-0; H, 9:0%); 0-cyclooctylphenoxyacetic acid, plates 
(from light petroleum (b. p. 60—80°)], m. p. 106—107° (Found: C, 73-7; H, 84%; equiv., 260. 
C,gH..O0, requires C, 73-3; H, 8-49; equiv., 262); and p-cyclooctyvlphenoxyacetic acid, needles 
[from light petroleum (b. p. 100—120°)], m. p. 119-5° (Found: C, 73-2; H, 8-5%; equiv., 261). 

The two p-nitrobenzyl ethers could not be obtained by the normal method, but were readily 
prepared as follows. Dimethylaniline (1-2 g.) and p-nitrobenzyl chloride (1-7 g.) were stirred 
for 2 min. at 90° with a mixture of o-cyclooctylphenol (3 g.) and aqueous sodium hydroxide 
(20°4; 2 ml.). The dimethylaniline was removed in steam, the residue dissolved in ether, 
and the solution washed and dried. The oil remaining after removal of the solvent crystallised 
on being triturated with methanol. The o-ether formed laths, m. p. 73—74°, from methanol 
(Found: N, 3:8%. C,,H,;NO, requires N, 4:1%). The p-ether crystallised in laths, m. p. 
76-5°, from ethanol (Found: N, 4:0%). 

2 : 4-Dinitro-6-cyclooctylphenol. Nitric acid (60 g.; d 1-42) was added during 80 min. toa 
solution of 2-cyclooctylphenol (20 g.) in chloroform (400 ml.) at —5°, which, after being set 
aside overnight at room temperature, was washed well with water and dried, and the chloro- 
form distilled off. The residual oil was chromatographed on activated alumina, benzene or 
chloroform being used as solvents. 2: 4-Dinitro-6-cyclooctylphenol was then obtained in pale 
yellow flat needles (from methanol), m. p. 57—-58° (Found: C, 57-1; H, 6-2; N, 9-5. 
C14H,,0,N, requires C, 57-1; H, 6-1; N, 9°5%). 

The author thanks Dr. S. A. Miller for his advice and the Directors of the British Oxygen 
Co. Ltd. for permission to publish this paper. 
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848. The Chemistry of Extractives from Hardwoods. Part XV.* 
The Constitution of Methyl Vinhaticoate.t 
By F. E. Kine and T. J. KING. 


Methyl vinhaticoate, C,,H 3903, isolated from the heartwood of Plathymenia 
veticulata (King, King, and Neill, J., 1953, 1055), is a dodecahydrophen- 
anthrofuran (I; R= Me). The furan 4: 5-positions were found to be 
unsubstituted since ozonolysis gave a keto-enolic compound, C, 9H 90, (V), 
which was hydrolysed to the ketone (VI) and formic acid. Selenium 
dehydrogenation of the ketone gave 1: 8-dimethylphenanthrene, and 
1: 3: 8-trimethylphenanthrene after reaction with methylmagnesium iodide, 
thus indicating the position of the furan oxygen atom. The orientation of 
the heterocyclic ring with respect to the phenanthrene nucleus was determined 
by two methods, of which dehydrogenation of an oxidation product (XIV) 
to 1:2: 8-trimethylphenanthrene was the more direct. The methoxy- 
carbonyl] and the methyl group at position 1 were located by the usual reactions 
terminating in the production of a l-ethylphenanthrene. 

The structure (I) does not conform to the isoprene rule, and evidence is 
presented to show that the 8-methyl group of the various derived 
phenanthrenes does not arise as a result of the migration of a substituent 
during dehydrogenation, e.g., from the adjacent angular position 14. 


AN introductory account of the heartwood constituents of Plathymenia reticulata (King, 
King, and Neill, J., 1953, 1055) described the isolation of a difficultly hydrolysable ester, 
methyl vinhaticoate, Cy,H3 903, in which the presence of a furan ring was demonstrated. 
From its molecular formula the related acid, Cy9H,,0,, appeared to be a member of the 
resin acid series of diterpenes; this has been confirmed by further investigations and it is 
now possible to attribute to the acid the detailed structure (I; R =H). Direct chemical 
evidence is available for all constitutional features of the molecule except the position of 
the angular methyl group which is assumed to be situated as in similar diterpenes. The 
stereochemistry of the ring junctions is unknown, but there is reason to suppose that the 
methoxycarbonyl and the angular methyl group are in ¢rans-relation, as in abietic acid, 
in contrast to the cis-arrangement existing in podocarpic acid and in agathenedicarboxylic 
acid (agathic acid) (for a discussion of the stereochemistry of the resin acids see Simonsen 
and Barton, ‘‘ The Terpenes,’’ Cambridge Univ. Press, 1952, Vol. III, p. 328 e¢ seq.). 


Oo— O R 
L I II O»*t 
NA VANS | Me 
Me| | IL ile ON/\/~ 
ANIA \/ \Me ON /\4 | A 
es ee YV\Z 
JL WAS Me 
RO,C’ \Me Me 
(I) Vinhaticoic acid (R = H) (IT) (IIT) 


Among the first degradation experiments on methyl] vinhaticoate were those involving 
dehydrogenation. Owing to the unique structure of the ester, however, the resulting 
phenanthrene derivatives were not capable of ready identification and their isolation did 
not therefore immediately contribute to a solution of the structural problem. In the 
dehydrogenation with sulphur a crystalline solid, C,,H,,0, was obtained and characterised 
by compounds with picric acid and with trinitrobenzene. It was later apparent from the 
structure (I; R = Me) that the loss of three carbon atoms is due to the elimination of an 
angular methyl and a tertiary methoxycarbonyl group, and it may therefore be concluded 
that the product is the dimethylfuranophenanthrene (II). Dehydrogenation with selenium 
gave two products, C,gH,, and C,.H,,O, each formula being supported by the analysis 

* Part XIV, J., 1953, 3932. 


t Presented in summarised form at the 13th Intern. Congr. Pure and Appl. Chem., Stockholm, 
July 31st, 1953. 
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of two derivatives. The oxygenated compound was converted into the hydrocarbon, 
C,gH,,, by zinc dust distillation, and the two products can now be formulated as (III; 
R = H)and (III; R=OH). Sulphur dehydrogenation under milder conditions produced 
a tetradehydro-compound (IV), later the subject of other reactions. 

In order to obtain readily identifiable dehydrogenation products it was necessary to 
devise a method for the prior removal of the furan ring. As a means to this end, partial 
ozonolysis of the methyl ester (I; R = Me) was attempted and by using half the amount 
of ozone theoretically necessary for the rupture of one double bond, it was to some extent 
possible to restrict oxidation to the unsubstituted positions of the furan nucleus. The 
sequence of reactions is as follows, the O-formy] group being spontaneously hydrolysed 
to give the tautomeric hydroxymethylene-ketone (V) : 


Pe Foe OH + H-CO,H 
ye — AHO —>_ A CHO —> (Vv) 
NJ a “J 


The constitution of the product as a keto-enol compound was shown by its ferric 
reaction and acidic properties, and by its hydrolysis with alkali to the ketone (VI). The 
absence of substituents at the carbon atoms of the oxidised bond was apparent from the 
simultaneous formation with (VI) of a second molecule of formic acid. 


an Q g 
IN /\ (CH-OH J 
Me | Me( ) Me| 
\Y\4 Me ANA \/ ‘Me SN \% \Me 
i ee Lo. 
MeO,C” \Me McO,C” “Me MeO,C“ \Me 
(IV) (V (VI) 


The ozonolysis product (V) was invariably accompanied by a dicarboxylic acid, 
CygH5,0,, the sole isolable product when larger quantities of ozone were used. It is 
presumably formed as a result of the oxidation of both ethylene bonds in the compound 
(I; R = Me), and to it, therefore, the structure (VII; = 1) is attributed. 

The keto-ester (VI) was reduced by the Wolff-Kishner reaction (Huang-Minlon con- 
ditions), with simultaneous hydrolysis of the methoxycarbonyl group, to a perhydro- 
phenanthrene (VIII; R =H) which was re-esterified with diazomethane. Dehydro- 
genation of the reduced ester (VIII; R = Me) with selenium gave a hydrocarbon, C,gH,, 
easily recognised from its characteristically high melting point as 1 : 8-dimethylphen- 
anthrene. Its identity was confirmed by the preparation of the picrate, phenanthra- 
quinone, and derived quinoxaline, all of which were indistinguishable from specimens 
obtained from the synthetic hydrocarbon (forthcoming publication). Selenium treatment 
of the keto-ester (VI) also yielded 1 : 8-dimethylphenanthrene. 


CO,H 
By eae \ Me 
Me] ie OO H Me{ e 
6S; : 2 re } \ \ Me WN/ \ VMe 
, \ J A y) ; y, 
MeO,C” Me RO,C’” \Me Me 
(VIT) VIII IX) 


The position of the carbonyl group was determined by reaction with methylmagnesium 
iodide, whereupon dehydrogenation of the resulting alcohol gave a new trimethylphen- 
anthrene, also obtained, in higher yield, when the alcohol was previously dehydrated 
with acetic anhydride. The derivation of 1 : 8-dimethylphenanthrene from (VI) or from 
its Wolff-Kishner reduction product (VIII; R = Me) determines the orientation of two 


4160 King and King: The Chemistry of 


of the substituents in the new trimethylphenanthrene and thus limits its possible structures 
to the two unknown 1: 4: 8- and 1:3: 8-isomers. A synthesis of the latter (forthcoming 
publication) and direct comparison of the respective hydrocarbons from the two sources 
and of four of their derivatives proved the dehydrogenation product to be the 1:3: 8- 
trimethylphenanthrene (IX). The furan oxygen atom is thus located at the phenanthrene 
3-position, thereby leaving two possible orientations, viz., 2: 3 or 3: 4, for the heterocyclic 
component. 

The first experiments to determine the position of the furan system attempted to effect 
dehydrogenation of the keto-enolic compound (V), but they resulted in the elimination 
of the hydroxymethylene group and formation of 1 : 8-dimethylphenanthrene. A more 
suitable intermediate was, however, available from the ozonolysis of methyl tetradehydro- 
vinhaticoate (IV) which with the spontaneous hydrolysis of the O-formyl group produces 
the o-hydroxy-aldehyde (X). Reduction by the Huang-Minlon procedure replaced the 
formyl group by methyl and simultaneously hydrolysed the ester, thus leading to (XI). 
When dehydrogenated with selenium the product (XI) afforded principally a trimethy]- 
phenanthrol (XII; R = OH), converted by zinc dust distillation into a mixture con- 
taining 1:2: 8-trimethylphenanthrene (XII; R =H) and 1: 8-dimethylphenanthrene, 


OH OH R 
Me a Me} os a Me 
YN] /) e Me Pm Me 
b- 2 4 J ) 
7 eo 4 
MeO,C Me HO,C Me Me 
(X) (XT) (XIT) 


the latter arising from expulsion of the substituent adjacent to the phenolic group. The 
elimination of an alkyl group under these conditions finds a parallel in the appearance 
of 1-methylphenanthrene among products similarly derived from 8-methyl-1l-‘sopropyl- 
2-phenanthrol (Short and Wang, J., 1951, 2979). It was not possible to obtain a com- 
pletely pure specimen of 1: 2: 8-trimethylphenanthrene from the mixed products but 
X-ray powder photographs prepared by Dr. S. C. Wallwork of the recrystallised substance 
and of an authentic sample of the trimethylphenanthrene were identical. Consequently, 
the disposition of the furan ring with respect to the hydrophenanthrene system was decided 
in favour of the arrangement shown in structure (I) and elsewhere. 

In drawing conclusions as to the structures of (I) and of its derivatives from dehydro- 
genation experiments the drastic conditions involved make it necessary to consider the 
probability of molecular rearrangements. No examples are known in which substituents 
in the 2- or 3-position are affected, but the wandering of a methyl group from position 
4 to 1 has been observed by Haworth, Mavin, and Sheldrick (J., 1934, 454) in the dehydro- 
genation of 5:6:7:8:9:10: 13: 14-octahydro-1 : 5-dimethylphenanthrene, the product 
consisting largely of 1: 8-dimethylphenanthrene with relatively little of the expected 
1: 5-compound. Normal dehydrogenation occurred, however, when a 4-methyl group 
was attached to a doubly bound carbon atom (Haworth et al., loc. cit.). For the latter 
reason the formation of 1:3: 8-trimethylphenanthrene was accepted as proof that the 
keto-ester from which it had been derived was indeed (VI) and not (XIII), since it can be 
assumed that dehydration of the alcohol obtained by the action of methylmagnesium 
iodide on (XIII) would largely result in the introduction of a double bond adjacent to the 
methyl group which would, therefore, be unlikely to migrate. No trace of any isomeric 
compound was detected in the 1 : 3: 8-trimethylphenanthrene arising from the dehydro- 
genation. 

Conclusive proof of the orientation of the furan ring was later provided by selenium 
dehydrogenation of the lactone (XIV), the anhydro-derivative of a compound obtained 
from methyl vinhaticoate by perphthalic acid oxidation (see King, King, and Neill, Joc. 
cit.). Unlike the material obtained via the phenols (XI) and (XII; R = OH), the product 
readily yielded 1 : 2: 8-trimethylphenanthrene. In view of the experience of Haworth, 
Mavin, and Sheldrick (/oc. cit.) it is certain that the formation of the 1 : 2 : 8-compound 
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uncontaminated by any isomer would have been impossible had the methyl group in ring A 
not occupied the position indicated in structure (XIV). 


Oo—Co) 
QO | | 
Me, Xv p Va 
Me] a Me| a er 
LD ie, A ‘4 JN /~ / Me 
{ Y {. c | ‘Me if Y 
J \ } } a 
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In the hope of obtaining further information as to the position of the methyl group 
in ring A, the derivative (XIV) was subjected also to oxidative degradation. Ozonolysis 
gave mixed products owing to incomplete reaction, and it was therefore not further pursued. 
With potassium permanganate in acetone an oily acid was obtained which, however, 
failed to give any solid derivative. When distilled with acetic anhydride it formed a 
neutral non-ketonic product, C,,H,,0;, slowly dissolving in aqueous alkalis, and the 
structure (VII; = 0) is tentatively assigned to the acid. 

Finally the situation of the quaternary methoxycarbonyl group at position 1 was 
established by the following series of reactions, first correctly interpreted by Ruzicka, de 
Graafe, and Miiller (Helv. Chim. Acta, 1932, 15, 1300) and Vocke (Annalen, 1932, 497, 247) : 


Me Me Me 
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(and isomers 


The experiment was performed on the acid (VIII; R = H), and the alcohol obtained by 
lithium aluminium hydride reduction was treated with phosphorus pentachloride in the 
usual way. The identity of the aromatised product as 1-ethyl-8-methylphenanthrene (XV) 
was proved by comparison with a synthetic specimen (forthcoming publication). 

From a quantitative determination of the rate of hydrolysis of methyl vinhaticoate 
it is believed, as indicated in the introductory paragraph above, that the stereochemical 
arrangement of the carboxyl and the angular methyl group is similar to that in abietic 
acid. Furthermore, methyl vinhaticoate, like methyl dehydroabietate (cf. Zeiss, /. 
Amer. Chem. Soc., 1947, 69, 302; 1951, 73, 497), gave with excess of phenylmagnesium 
bromide a diphenylcarbinol under conditions similar to those which are without effect on 
methyl! podocarpate (Sherwood and Short, /., 1938, 1006). 

The structure emerging from these investigations on methyl vinhaticoate, namely 
([; R= Me), although apparently well authenticated, is remarkable among diterpenes 
in containing a carbon skeleton not exclusively constitutable from isoprene units. Further 
consideration was therefore given to the possible occurrence during dehydrogenation of 
a molecular rearrangement other than of the type already discussed. The migration of 
an angular methyl group appeared to offer a possible route through which a carbon atom, 
unsubstituted in the parent diterpene, might acquire a substituent under the conditions 
of selenium dehydrogenation. Should this type of migration occur, the structure (XVI), 
which is theoretically derivable from isoprene units, provides a satisfactory alternative 
to the expression (I; R = Me). 

No definite example of the migration of angular methyl to an unsubstituted carbon 
appears to have been recorded in the diterpene series. A model for studying the 
possible migration of an angular methyl group adjacent to the 8-position is provided by 
the acid (XVIII) which Ruzicka and Hosking (Helv. Chim. Acta, 1930, 13, 1402) have 
prepared by partial decarboxylation and reduction of tsoagathic acid (XVII). Were the 
second angular substituent at C;,4) a feature of the structure of methyl vinhaticoate, as 
in (XVI), and hence of its derivatives—including, for example, the tricyclic product 
otherwise formulated as (VIII; R= Me) from which 1: 8-dimethylphenanthrene is 
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obtained—then the dehydrogenation of (XVIII) also would certainly result in the 
appearance of 1 : 2: 8-trimethylphenanthrene. A quantity of the acid (XVIII), prepared 
by the method of Ruzicka and Hosking and dehydrogenated with selenium, in fact yielded 
pimanthrene (1: 7-dimethylphenanthrene), and no trace of the more sparingly soluble 
1 : 2: 8-trimethylphenanthrene was detected. It may therefore be concluded that the 
I-methyl group found in the various alkylphenanthrenes derived from vinhaticoic acid 


() 
aS Me _ Me 
Ny, y, ANA Sco NS, 
(x 2 \Me \ A) rite es, \Me 
McO,C” ‘Me HO,C’ \Me HO,C” \Me 
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and its transformation products does not come from the neighbouring angular position 
in these compounds but is indeed originally present in ring A as indicated in formula (I). 

Cocker, Cross, Duff, and Holley (Chem. and Ind., 1952, 827) have recently shown that 
the diterpene marrubiin contains a furan ring; the discovery in vinhaticoic acid of the 
reduced furanophenanthrene nucleus introduces yet a new ring-system into the terpene 
series. Evidence will shortly be presented showing that vouacapenic acid also (Spoelstra, 
Rec. Trav. chim., 1930, 49, 226) is a derivative of this new tetracyclic system. 

Details are given in the Experimental section of several transformation processes 
devised to relate vinhaticoic acid to the resin acids of known constitution when for a time 
it was believed to contain a hybridised podocarpic-abietic acid skeleton as in (XIX). 
Thus methylation of the phenol (actually X) obtained by ozonolysis of methyl tetradehydro- 
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vinhaticoate might on the basis of the alternative structure (XIX) have given methyl 
7-acetyl-O-methylpodocarpate (Campbell and Todd, J. Amer. Chem. Soc., 1942, 64, 928). 
Simultaneously, attempts were made to prepare a furano-derivative of methyl podocarpate. 
For approaching the abietic acid series, methyl tetradehydrovinhaticoate (IV) was 
hydrogenated to the dihydrofurano-derivative with a view to reductive fission of the furan 
ring which, with (XIX) as starting point, could lead to methyl 6-hydroxy-7-isopropyl- 
dehydroabietate. 

Convincing proof of the non-identity of the vinhaticoic acid and the podocarpic- 
abietic acid series came from sulphur dehydrogenation which, applied to methyl 7-acetyl- 
O-methylpodocarpate, yielded a ketonic product (7-acetyl-6-methoxy-l-methylphen- 
anthrene) (XX; R= COMe), reduced by the Huang-Minlon conditions to 7-ethyl-6- 
methoxy-l-methylphenanthrene (XX; R= Et). The vinhaticoic acid derivative, 
O-methy! ether of (X), on the other hand, owing to the greater ease of reduction of aldehyde 
groups, afforded a non-carbonylic product, which with the establishment of structure (1) 
is known to be 3-methoxy-1 : 2 : 8-trimethylphenanthrene (XII; R = OMe). 


EXPERIMENTAL 
1 : 8-Dimethylfurano(3’ : 2’-2: 3)phenanthrene (I1).—Methyl vinhaticoate (I; R = Me) 
(4 g., 1 mol.) and sulphur (2-3 g., 6 atoms) were heated at ca. 250° in a boiling ‘‘ Dowtherm ”’ 
bath. The evolution of gas ceased after 90 min. and the melt was then cooled, crushed, and 
thoroughly extracted with ether. The extract was washed with aqueous sodium hydroxide 
and distilled, the fraction of b. p. below 220° (bath) /0-1 mm. being converted into the picrate, 
which after three crystallisations from benzene separated as orange needles, m. p. 182° (softening 
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from 170°) (Found: C, 60-8; H, 3:7; N, 9-0. C,,H,,O,C,H,O,N, requires C, 60-6; H, 3-6; 
N, 8-8%). Regeneration of the furanophenanthrene and crystallisation from ethanol gave pale 
yellow prisms (0-9 g., 30%), m. p. 145—146° (Found: C, 87-8; H, 5:8. C,,H,,O requires 
C, 87-8; H, 5-7%). The trinitrobenzene derivative separated from ethanol in elongated light 
orange plates, m. p. 184—185° (Found: C, 63-3; H, 3-9; N, 9-9. C,,H,,0,C,H,O,N, requires 
C, 62-8; H, 3-7; N, 9-2%). Vinhaticoic acid under similar conditions gave a 26% yield of 
the furanophenanthrene (II). Attempted oxidation of (II) to the quinone with chromic acid 
led to extensive decomposition. 

Selenium Dehydrogenation of Methyl Vinhaticoate.—-Methy] vinhaticoate (2 g.) and selenium 
(4 g.) were heated at 340—360° (metal-bath) for 48 hr. When cold, the product was dissolved 
in ether, and the solution filtered (charcoal) and distilled. Two fractions were collected, (a) 
b. p. 120—140° (bath) /0-2 mm. and (b) b. p. 160—200° (bath) /9-2 mm., of which (a) (100 mg.) 
crystallised from ethanol in colourless plates consisting of 2-ethyl-1 : 8-dimethylphenanthrene 
(III; R =H), m. p. 113° (Found: C, 92-6; H, 7-7. C,,H,, requires C, 92-3; H, 7:7%); 
this gave a picrate, orange-red needles (from ethanol), m. p. 148—149° (Found: C, 61-1; H, 
5-1. CygH,.,C,H,0,N;,C,H,O requires C, 61-3; H, 5-3. Found, after drying at 100°: C, 
62-1; H, 4:2. C,gH,.,C,H,O;,N; requires 62-2; H, 4:6%), and a trinitrobenzene derivative, 
yellow needles (from ethanol), m. p. 167° (Found: C, 64:2; H, 4-6. C,gH,.,CgH,;O,N, requires 
C, 64-4; H, 4-7%). 

Fraction (b) (1-0 g.) rapidly solidified, and crystallisation from acetic acid and then from 
light petroleum (b. p. 60—80°) gave 2-ethyl-1 : 8-dimethyl-3-phenanthrol (II1; R = OH) as 
colourless very long, thin, felted needles, m. p. 164°, sparingly soluble in cold acetic acid and 
light petroleum, very soluble in alcohol (Found: C, 86-1; H, 7-3. C,,H,,O requires C, 86-4; 
H, 7-25%). The picrate proved unstable, but the ¢trinitrobenzene derivative formed orange 
leaflets, m. p. 186—187°, from benzene (Found: C, 61:8; H, 4:2. C,,H,,0,C,H,O,N, requires 
C, 62-2; H, 46%). Although the phenanthrol was insoluble in aqueous alkalis its phenolic 
nature was shown by the formation, with acetic anhydride-sodium acetate, of an acetate, plates 
(from methanol), m. p. 127—-128° (Found: C, 82-3; H, 6-8. C, 9H,,O, requires C, 82-2; H, 
6-9%). 

After two successive distillations with zinc dust, the crude distillate contained 40% of the 
ethyldimethylphenanthrene (III; R =H), the remainder being unchanged phenanthrol. 
The hydrocarbon was readily isolated by passage, in light petroleum solution, through a column 
of alumina, the more strongly absorbed phenol being eluted, after removal of the hydrocarbon, 
with benzene containing 5% of methanol. 

Methyl 1: 4:11: 12-Tetradehydrovinhaticoate (IV).—Methyl vinhaticoate (10 g.) and 
sulphur (2 g., approx. 2 atomic proportions) were heated at 250° (‘‘ Dowtherm”’ bath) until 
the initially brisk evolution of gas had nearly stopped (ca. 1 hr.). The melt was then allowed 
to cool slightly but while still fluid was poured into light petroleum (b. p. 60—80°). The 
solution so obtained was decanted from the residual dark resin, which was afterwards exhaustively 
extracted with boiling light petroleum. The combined extracts (ca. 500 c.c.) were treated with 
charcoal, evaporated to ca. 25 c.c., and cooled, whereupon methyl tetradehydrovinhaticoate (2-8 
g., 28%) separated. A further 0-3 g. was obtained by distillation of the mother-liquors, finally 
at 0-1 mm., and crystallisation of the distillate from light petroleum. 

The main product had a pale yellow colour not removed by crystallisation, but by passing 
a solution in equal parts of chloroform and carbon tetrachloride through alumina, and recrystal- 
lising the eluate from light petroleum and from isopropanol, the ester was obtained as lustrous, 
colourless rods, m. p. 182—184° (Found: C, 77-0; H, 7-7. C,,H,,O, requires C, 77-3; H, 
8-0%), [a]? +59-2° (c, 5 in CHCI,). Solutions in alcohol and acetic acid showed a marked 
blue fluorescence. 

Alternatively, the cooled melt was dissolved in an equal volume of ether, and after being 
left in the refrigerator for some hours the crystalline product was collected from the viscous 
ethereal suspension, though difficulties in filtration and washing of the solid necessitated further 
recrystallisation (charcoal) of the product. 

The tetradehydro-compound (IV) was obtained (yield ca. 7%) when methyl vinhaticoate 
was heated with palladised charcoal at 360—380°, the main product being an undistillable resin. 

Ozonolysis of Methyl Vinhaticoate.—Methyl vinhaticoate (6-6 g., 0-02 mole), dissolved in 
dry ethyl acetate (60 c.c.), was ozonised at —10°, the concentration of ozone being estimated 
iodometrically immediately before the reaction. After treatment with 0-01 mole (equiv. to 
0-5 double bond), the solvent was removed under reduced pressure at room temperature, and 
the gummy residue treated overnight with water and zinc dust. The mixture was heated for 1 hr. 
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on asteam-bath, then cooled, and water removed by decantation. The residue was shaken with 
ether, and the filtered solution extracted successively with aqueous sodium hydrogen carbonate 
and 0-5N-sodium hydroxide. Acidification of the sodium hydroxide extract gave a yellow gum 
which rapidly solidified to a friable solid (1-4—1-85 g.). The crude product crystallised from 
ethanol (ca. 4 c.c.), to give the nearly pure hydroxymethylene-ketone (V) (0-6—0-85 g., 9—13%) 
which on further crystallisation gave colourless prisms, m. p. 168—169° (Found: C, 71-8; H, 8-9. 
CypH 590, requires C, 71-8; H, 90%). The ketone was appreciably soluble in organic solvents 
and freely soluble in dilute sodium hydroxide; its ferric reaction in ethanol is intense purple. 

When acidified, the sodium hydrogen carbonate extract of the ozonolysis product gave a 
colourless gum setting to a friable solid and consisting of methyl 6-1'-carboxyethyl-5-carboxy- 
methyldecahydro-1 : 10-dimethyl-1-naphthoate (VII; n = 1). Itseparated from ethyl acetate-light 
petroleum (b. p. 60—80°) as colourless shining leaflets which then readily recrystallised from 
aqueous methanol (yield, 1-05 g., 19-59% ; m. p. 203—204°) (Found: C, 64-6; H, 8-3. C,)9H3)0, 
requires C, 64:4; H, 8-5%). This was the only isolatable product (yield, 45%) when excess of 
ozone was used. It was easily soluble in organic solvents except light petroleum, and gave with 
diazomethane the trimethyl ester, which crystallised from aqueous methanol in colourless leaflets, 
m. p. 92—93° (Found: C, 66-1; H, 9:15; OMe, 23-4. C,,H;,0, requires C, 65-9; H, 9-0; 
30Me, 243%). 

In one experiment zinc dust was omitted in the decomposition of the ozonide, and the 
aqueous phase was acidified (H,SO,) and distilled. The acid distillate, which reduced am- 
moniacal silver nitrate, was neutralised with sodium hydroxide and evaporated to dryness. 
The residue was identified as sodium formate by its conversion (cf. Whalley, /., 1948, 1014) 
into NN’-di-p-tolylformamidine hydrochloride, m. p. ca. 270° (decomp.) alone and mixed 
with an authentic specimen, m. p. 270° (Whalley gives m. p. 228—230°), further characterised 
as the free base, m. p. and mixed m. p. 139—140° with the authentic amidine (Roberts, /. 
Amer. Chem. Soc., 1950, 72, 3603) (Found: N, 12-3. Calc. for C,;H,,N,: N, 12:5%). When 
n-hexane was used as solvent solid ozonide was precipitated and it was unnecessary to estimate 
the rate of ozone production, the ozonide being collected and the filtrate re-treated until no 
further precipitation took place. The yield of hydroxymethylene-ketone was, however, 
unchanged. From the neutral fraction of the ozonolysis varying amounts (up to 1-5 g.) of 
methyl vinhaticoate could be recovered by crystallisation from methanol. 

Methyl Perhydro-1 : 8: 12-trimethyl-6-oxophenanthrene-1-carboxylate (VI).—A_ solution of 
the once crystallised ketone (V) (1-7 g.) in a slight excess of 0-1N-sodium hydroxide was boiled 
under reflux for 1 hr. An oil separated which solidified, and was collected from the cooled 
solution. The filtrate was acidified (sulphuric acid) and distilled, and the volatile acid (91%) 
present in the distillate shown to be formic acid by conversion into NN’-di-p-tolylformamidine. 
The solid consisted of the ketone (VI) (1:15 g., 749%) and crystallised from a small volume of 
ethanol in colourless plates, m. p. 125—126° (Found: C, 74:7; H, 10-1. C,,H3 903; requires 
C, 74:5; H, 9:9%). The 2: 4-dinitrophenylhydrazone formed orange needles, m. p. 206°, from 
acetic acid (Found: C, 62-1; H, 7:3. C,5H3,O,N, requires C, 61-7; H, 7-0%), and the semi- 
carbazone separated from ethanol! in colourless prisms (containing ethanol), m. p. 245° (Found : 
C, 64-4; H, 9°65. C,9H3,0,N3,C,H,O requires C, 64:5; H, 9-6. Found, in a specimen dried 
at 150° in a vacuum: C, 65-7; H, 9-5. C.9H;,0,N, requires C, 66-1; H, 9:2%). 

Dehydrogenation of the ketone with sulphur (6 atomic proportions) at 250° for 3 hr. gave 
a dark brown gum from which was obtained the original ketone (830%) but no other crystalline 
product was isolated. 

Perhydro-1 : 8: 12-trimethylphenanthrene-1-carboxylic Acid (VIII; R= H).—The mono- 
ketone (VI) (1-1 g.) was dissolved in ethylene glycol (15 c.c.) containing potassium hydroxide 
(2 g.) and 90% hydrazine hydrate (1-5 c.c.), and the solution boiled under reflux for 1 hr. 
After concentration to b. p. 188° the liquid was refluxed for a further 3 hr., then poured 
into water (150 c.c.), and the clear solution was acidified. The amorphous precipitate was 
collected in ether, and the solution dried (Na,SO,) and evaporated, the oily residue of the 
keto-acid (VIIL; R= H) (850 mg., 85%) rapidly solidifying and crystallising from ethanol 
in thick tablets, m. p. 182° (Found: C, 77-9; H, 10-9. C,,H;,0, requires C, 77-7; H, 10-99%). 
With diazomethane it gave the methyl ester (VIII; R = Me), plates (from methanol), m. p. 
71—72° (Found: C, 78-2; H, 10-9. C,,H,,0O, requires C, 78:0; H, 11-0%). 

1 : 8-Dimethylphenanthrene.—(i) The once crystallised ketone (VI) (0-6 g.) was heated for 
24 hr. at 330-—340° (metal-bath) with excess of selenium (1-5 g.). The product was extracted 
with ether (charcoal), and the solution filtered and distilled. The principal fraction (250 mg.) 
sublimed at 150—200° (bath) /0-1 mm., and crystallised from acetic acid and benzene, and from 
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ethanol in which it is only sparingly soluble, as glistening plates, m. p. 192—193° (lit., 191— 
192°) (Found: C, 93-0; H, 6-5. Calc. for C,,H,,: C, 93-2; H, 6-8%) undepressed by mixture 
with an authentic specimen kindly supplied by Dr. J. Walker. The picrate had m. p. and 
mixed m. p. 152—158° (lit., 151—152°), the corresponding phenanthraquinone m. p. and mixed 
m. p. 189—190° (lit., 190°), and the derived quinoxaline m. p. and mixed m. p. 190° (sintering 
at 186°) (Haworth e¢ al., loc. cit.. record m. p. 178°) (Found: C, 85-5; H, 5-1. Calc. for 
C,.H,.N,: C, 85:7; H, 52%). 

(ii) When the methyl ester (VIII; R = Me) (0-67 g.) was treated as in (i), the crude product 
was a pale brown crystalline solid (350 mg., 74%) which was purifiable without distillation. 

Methyl Perhydro-6-hydroxy-1 : 6: 8: 12-tetramethylphenanthrene-1-carboxylate——The ketone 
(VI) (1-0 g.) in dry ether (25 c.c.) was added to an ethereal solution of methylmagnesium iodide 
prepared from 0-7 g. (1:5 mol.) of methyl iodide, and the mixture left overnight at room tem- 
perature and finally boiled for 1 hr. It was then treated with ice and dilute hydrochloric 
acid, and the semi-solid product from the ethereal solution crystallised from light petroleum 
(b. p. 60—80°). The alcohol thus obtained formed colourless prisms (0-3 g., 29%), m. p. 140— 
142° (Found: C, 74:8; H, 10-8. C,9H 3,0, requires C, 74-5; H, 10-6%). 

1:3: 8-Tvimethylphenanthrene (IX).—The crude semi-solid product from the preceding 
Grignard reaction was treated with Girard’s reagent T in the usual way and the non-ketonic 
fraction was heated for 1 hr. with boiling excess of acetic anhydride. The product, presumably 
mixed olefins, was isolated as an oil (0-6 g.) which was heated with excess of selenium (2 g.) at 
330° (metal-bath) for 18 hr. The product soluble in benzene was distilled, thus affording an 
oil (0-4 g.), b. p. ca. 150° (bath) /0-3 mm., which thereafter solidified. Crystallisation from 
ethanol gave pure 1: 3: 8-trimethylphenanthrene (0-32 g.) as colourless needles, m. p. 116° 
(Found: C, 92-8; H, 7:2. C,,H,,. requires C, 92:7; H, 7:3%). The picrate crystallised from 
ethanol in orange needles, m. p. 174—175° (Found: C, 61-1; H, 4:1. C,,Hy,g,CgH,;O,N, 
requires C, 61-5; H, 4:39); the trinitrobenzene derivative formed lemon-yellow needles (from 
ethanol), m. p. 188° (Found: C, 64:0; H, 4:4. C,,H,5,C,H,;0,N, requires C, 63-7; H, 4-4%) ; 
the corresponding phenanthraquinone formed orange needles, m. p. 179—180°, from acetic 
acid (Found: C, 81:6; H, 5-6. C,,H,,O, requires C, 81-6; H, 5-6%), and the derived 
guinoxaline formed pale yellow long needles, m. p. 146—147°, from ethanol or acetic acid 
(Found: C, 85-3; H, 5-6. C,,;H,,N, requires C, 85-7; H, 56%). Mixed m. p.s with the 
corresponding synthetic compounds showed no depression. 

The hydrocarbon (yield, 38%) was also prepared by dehydrogenation of the alcohol without 
previous dehydration.. Examination (by chromatography on alumina) of residues from its 
crystallisation did not show the presence of any other purifiable hydrocarbon. 

Ozonolysis of Methyl Tetradehydrovinhaticoate.—Methyl tetrahydrovinhaticoate (2-6 g.) 
was ozonised in carbon tetrachloride (80 c.c.) at 0°. As soon as excess of ozone was detected 
(acidified potassium iodide bubbler) the reaction was stopped, and the solvent removed in a 
vacuum at room temperature. Water and zinc dust were added to the residue, and after 
12 hr. the mixture was heated under reflux for 15 min. Extraction with ether gave a gum 
which, when crystallised from a small quantity of methanol, consisted of the pure phenolic 
aldehyde (X) (30—35% yield), colourless prisms, m. p. 132—133° (Found: C, 72-3; H, 7:8. 
CyoH,,O, requires C, 72:7; H, 7:9%). The phenol dissolved in hot aqueous 2N-sodium 
hydroxide to a yellow solution and was recovered unchanged on acidification ; its ferric reaction 
in alcohol is bright greenish-blue. The sparingly soluble 2 : 4-dinitrophenylhydvazone separated 
from 2-ethoxyethanol as very small yellow needles, m. p. 290° (decomp.) (Found: C, 61-2; 
H, 5:3; N, 10-5. C,,H,,0,N, requires C, 61-4; H, 5-5; N, 11-0%). 

Ozonolysis of the tetradehydro-compound, previously freed from sulphuretted impurities 
by boiling in benzene solution with Raney nickel, enabled the ozonide to be decomposed re- 
ductively (hydrogen—platinum), but the yield of phenolic aldehyde was unchanged, and no 
other crystalline compound could be isolated. Decomposition of the ozonide in the absence 
of zinc and distillation gave formic acid (47%), identified as NN’-di-p-tolylformamidine. 

Methylation of the phenol (X) with diazomethane was incomplete after 24 hr. (ferric chloride 
colour), but treatment for 12 hr. with excess of methyl iodide—potassium carbonate in acetone 
gave the O-methyl ether (72%), isolated by distillation from the filtered solution as a brittle 
resin, b. p. 205—210° (bath) /0-05 mm. (Found: C, 72-8; H, 8:1; OMe, 17-4. C,,H,,0, 
requires C, 73:2; H, 8-2; OMe, 18-0°%). The oxime also was non-crystalline but the very 
sparingly soluble 2 : 4-dinitrophenyvlhydrazone separated from ethanol as orange needles, m. p. 
275° (decomp.) (Found: C, 62-0; H, 6-2; OMe, 11-1. C,,;H390,N, requires C, 62-1; H, 5-8; 


OMe, 11-8%). 
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1:2:3:4:9:10: 11: 12-Octahydro-6-hydroxy-1: 7: 8: 12-tetramethylphenanthrene-1-carb- 
oxylic Acid (X1).—-The phenol (X) (1-4 g.) was reduced in the manner described for the reduction 
of the ketone (VI). The crude oily phenolic acid (XI) (1-2 g.) so obtained crystallised from 
aqueous methanol as the monohydrate in colourless tablets, m. p. 120° (effervescence) (Found : 
C, 70-7; H, 91. CygH,g03,H,O requires C, 71-2; H, 8-8%). When crystallised from dry 
benzene it separated in tablets which frothed at ca. 110°, resolidified, and finally had m. p. 198° 
(Found: C, 75-8; H, 8-6. C, ,H,,O, requires C, 75-5; H, 8-7%). The acetate, prepared with 
acetic anhydride-sodium acetate, separated from benzene-light petroleum or methanol as 
needles, m. p. 208—209° (Found, after drying at 150°: C, 72-8; H, 8-35. C,,H,,O, requires 
C, 73:2; H, 8:2%). 

3-Hydroxy-1 : 2: 8-trimethylphenanthrene (XII; R = OH).—The phenolic acid (XI) (1 g.) 
was heated at 310—340° (metal-bath) with excess of selenium (2 g.) for 24 hr. The product 
extracted with chloroform was distilled giving two fractions, (a) b. p. 120-——140° (bath) /0-5 mm. 
(50 mg.) and (b) b. p. 180—220° (bath) /0-5 mm. (550 mg.). Fraction (b) crystallised from 
chloroform in colourless prisms or plates of the phenanthrol (XII; R = OH), m. p. 203° (Found : 
C, 86-4; H, 69. C,,H,,O requires C, 86-4; H, 6-8%), very sparingly soluble in aqueous 
alkali. Methylation with methyl iodide-potassium carbonate in acetone gave the methoxy- 
phenanthrene (m. p. and mixed m. p.) (below) prepared by dehydrogenation of the O-methyl 
ether of the aldehydo-phenol (X). 

1: 2: 8-Tvimethylphenanthrene (XII; R = H).—(i) Crystallisation of fraction (a) obtained 
in the preceding experiment from ethanol yielded plates, m. p. 140—141° raised to 142—143° 
by admixture with an authentic specimen of 1: 2: 8-trimethylphenanthrene of m. p. 143 
144°, kindly supplied by Professor R. D. Haworth; the picrate had m. p. 162—163° (lit., 162 
163°). Analyses of the small quantity of hydrocarbon available were unsatisfactory; the 
yield was not increased by variation in the dehydrogenation conditions. 

(ii) The phenanthrol (XII; R = OH) (0-4 g.) was distilled with zinc dust, and the yellow 
distillate extracted with light petroleum and purified by passage of the solution through an 
alumina column. The hydrocarbon (150 mg.) so obtained had m. p. 136° after several recrystal- 
lisations, eventually raised abruptly to 182°, obviously owing to the content of 1 : 8-dimethyl- 
phenanthrene. Purification through the picrate, m. p. 162-—163°, again yielded the phenanthrene 
of maximum m. p. 138° (trinitrobenzene derivative, m. p. 187°; lit., 192°), undepressed by 
authentic 1:2: 8-trimethylphenanthrene. The X-ray powder photographs of the hydro- 
carbon and of an authentic specimen were indistinguishable. 

(iii) The lactone (XIV) (1 g.) was dehydrogenated with selenium at 310—330° for 24 hr. 
and the product worked up by distillation. The fraction of b. p. 120-——140° (bath) /0-5 mm. 
(0-5 g.) readily crystallised from methanol, to give 1 : 2: 8-trimethylphenanthrene as glistening 
plates, m. p. and mixed m. p. 144—145° (Found: C, 92-9; H, 7-4. Calc. for C,;H,,: C, 92-7; 
H, 7:3%). The picrate, orange needles from ethanol, had m. p. 164—165°, and the trinitro- 
benzene derivative, m. p. 191—192° (Found: C, 63-9; H, 4:3. Calc. for C,,H,.,CgH3,0,N; : 
C, 63-7; H, 4:4%). 

Oxidation of the Lactone (XIV).—(i) When ozone was passed into a solution of the lactone 
(XIV) (2 g.) in ethyl acetate (60 c.c.) a solid was precipitated, and, after evaporation of the 
solvent at room temperature, the total residue was treated with water and zinc dust. The 
product soluble in ether gave (a) with sodium hydrogen carbonate a solid sodium salt (50 mg.) 
of a non-crystalline acid, and (b) neutral material isolated by evaporation of the ether and 
resolved by crystallisation from methanol into a substance separating in colourless needles 
(110 mg.), m. p. 171° (Found: C, 70-0; H, 7-8. C,,H,.,0; requires C, 70-0; H, 7-8%), and 
a pale yellow oily ketone (110 mg.), b. p. 150° (bath)/0-1 mm., isolated from the filtrate by 
Girard’s reagent T (Found: C, 73-1; H, 9-2%), and giving a 2: 4-dinitrophenylhydrazone as 
orange leaflets from acetic acid, m. p. 237—-238° (Found: C, 61-2; H, 6-15; N, 118%). 

(li) The lactone (3-5 g.) was refluxed in acetone with potassium permanganate (8-5 g.), and 
when oxidation was complete the solution was cooled and filtered. The only appreciable product 
was an oily non-ketonic acid (2-6 g.) obtained by extracting the precipitate with water and 
acidifying the solution. The S-benzylthiuronium and benzylammonium salts and the p-bromo- 
phenacy] ester failed to crystallise. Distillation from acetic anhydride gave the acid anhydride, 
b. p. 130—140° (bath) /0-05 mm., slowly soluble in aqueous alkali (Found: C ,67-6; H, 8-0. 
C,gH,,O0, requires C, 67-1; H, 8-1%). 

Perhydro-\-hydroxymethyl-1 : 8 : 12-irimethylphenanthrene.—The acid (VIII; R = H) (0-85 
g.), dissolved in dry ether (15 c.c.), was added slowly to an ethereal solution of lithium aluminium 
hydride (ca. 0-5 g.), and the solution boiled for 2 hr. The excess of hydride was decomposed 
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with ethyl acetate, and the solution worked up by addition of cold dilute hydrochloric acid. 
The ethereal layer was washed with alkali, dried, and distilled to give perhydro-1-hydroxy- 
methyl-1 : 8: 12-trimethylphenanthrene as a colourless resin (0-77 g.), b. p. 130° (bath) /0-1 mm. 
(Found: C, 81-9; H, 11-8. C,gH;,0 requires C, 81-8; H, 12-1%), which formed an a-naphthyl- 
urethane separating from methanol in woolly needles, m. p. 147—-148° (Found: C, 80-1; H, 
9-2. Cy gH3,O,N requires C, 80-3; H, 9-1%). 

1-Ethyl-8-methylphenanthrene (XV).—The alcohol (750 mg.) derived from (VIII; R = H) 
was treated in ether (50 c.c.) with phosphorus pentachloride (600 mg., 1 mol.), and after being 
set aside overnight the mixture was refluxed for 2 hr. Ice-water was then added and the 
ethereal layer washed with sodium carbonate solution and distilled. The product was a fuming 
oil, b. p. 110—150° (bath) /0-1 mm., still containing chlorine, and it was therefore boiled with 
quinoline (5 c.c.) for 10 min., the olefinic hydrocarbon being isolated after washing with hydro- 
chloric acid as an oil (400 mg.) which when redistilled from sodium had b. p. 120—125° (bath) /0-1 
mm. (Found: C, 87-7; H, 11-9. C,gHg»9 requires C, 87-7; H, 12-3%). 

The olefin (360 mg.) was heated with selenium (1 g.) at 330—350° for 24 hr., and the product 
isolated by ether-extraction and distillation. The fraction of b. p. 120° (bath) /0-1 mm. rapidly 
solidified, and crystallisation from ethanol or methanol gave the 1-ethyl-8-methylphenanthrene 
(240 g.) as shining plates, m. p. 106—107° (Found: C, 92-2; H, 7:2. C,,H,, requires C, 92-7; 
H, 7:-3%). The picrate formed orange needles, m. p. 124— 125°, from ethanol (Found: C, 61-7; 
H, 4:6. C,,H,.,C,H,O,N, requires C, 61:5; H, 4:39), and the trinitrobenzene derivative 
crystallised from ethanol in slender yellow needles, m. p. 146—147° (Found: C, 63-6; H, 4-2. 
C,H 1¢,C,H,0,N, requires C, 63-7; H, 4-49), m. p.s being unaffected by authentic specimens. 

Reaction of Methyl Vinhaticoate with Phenylmagnesium Bromide.—Methyl vinhaticoate (I; 
R == Me) (3-3 g.) in dry ether was added to a solution of phenylmagnesium bromide (from 3-5 g. 
of bromobenzene) in ether, and the mixture refluxed for 2 hr. After removal of the ether and 
further heating on a steam-bath (2 hr.) the product was cooled and treated with ice-cold dilute 
sulphuric acid. Steam-distillation removed traces of volatile material and the residue consisted 
of a pale yellow gum which when triturated with methanol fell to an amorphous powder. This 
slowly crystallised from a small volume (5 c.c.) of acetic acid in very large trigonal tablets (1-8 g., 
40°;) which when crystallised from ethanol gave the pure alcohol, m. p. 145—147° (Found : 
C, 84-9; H, 8-7. C,.H,,0, requires C, 84:5; H, 8-4%). 

Dehydrogenation of Dihydronorisoagathic Acid (XVII1).—Dihydronorisoagathic acid (XVIIT) 
has been obtained crystalline from acetic acid (and no other common solvent) ; it forms laths, 
m. p. 166° (slow heating) (Found: C, 72-2; H, 10-4. C, 9H ,0,,C,H,O, requires C, 71-6; H, 10-3. 
Found, on specimen dried at 100° in vacuum: C, 78-3; H, 10-7. C,H ,O, requires C, 78-6; 
H, 10:-4%). The acid (1 g.) was heated with selenium at 330—350° for 36 hr. The product (600 
mg.) after distillation and one crystallisation from methanol had m. p. 85°, undepressed by 
an authentic specimen of pimanthrene, and gave a picrate, m. p. 131—132? (lit, 132°). Nol: 2: 8- 
trimethylphenanthrene could be detected in the crude reaction mixture. 

Methyl O-Acetonylpodocarpate.—Methy] podocarpate (5-5 g.) was heated for 4 hr. in acetone 
(50 c.c.) containing bromoacetone (2-9 g., 1-1 mols.) and excess of potassium carbonate. The 
cooled mixture was filtered and the filtrate evaporated to an oil which crystallised slowly from 
methanol (5 c.c.), giving the acetonyl derivative as rhombs (2-75 g., 42%), m. p. 75—76° (Found : 
C, 73-2; H, 8-1. C,,H,,O, requires C, 73-2; H, 8-2%). The action of sulphuric acid, sulphuric— 
acetic acid, and zinc chloride under various conditions failed to give the corresponding 
2-methylfuran. 

Reduction of Methyl Tetradehydrovinhaticoate (1V).-The tetrahydro-compound (IV) (3-5 g.), 
from which traces of sulphur had been removed by refluxing in benzene solution with Raney 
nickel, was hydrogenated at ordinary temperature and pressure in acetic solution in the presence 
of Adams platinum catalyst (absorption after 36 hr., 230 c.c.; theor., 240c.c.). The solution, 
now no longer fluorescent, was filtered and evaporated, and the residue crystallised first from 
light petroleum and then from ethanol, from which the dihydro-compound (2-55 g.) separated 
as glistening rods, m. p. 137° (Found: C, 76-7; H, 8:35. C,,H,,0,3 requires C, 76-8; H, 8-6%); 
(x7? +52-1° (c, 10 in CHCI],). Attempts to open the hydrofuran ring in this compound with 
solutions of hydriodic acid or of potassium iodide in 95% phosphoric acid (cf. Org. Synth., 
1950, 30, 33) followed by zinc—hydrochloric acid reduction gave unpurifiable products. 

7-Acetyl-6-methoxy-1-methylphenanthrene (XX; R = COMe).—Methyl 7-acetyl-O-methyl- 
podocarpate (Campbell and Todd, Joc. cit.) (2 g.), from methyl O-methylpodocarpate kindly 
supplied by Dr. W. F. Short, was dehydrogenated with sulphur (0-77 g., 4 atomic equivs.) 
in a boiling ‘‘ Dowtherm”’ bath for 4 hr. The product extracted with ether was distilled, 
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the fraction, b. p. 240—280° (bath) /0-2 mm., crystallising from ethanol in yellow needles, 
m. p. 138—140°. Further crystallisation from ether, redistillation, and crystallisation from 
ethanol gave almost colourless needles of the acetylphenanthrene (260 mg.), m. p. 144— 
145° (Found: C, 81-9; H, 6-1. C,,H,,O, requires C, 81-8; H, 6-1%). The picrate separated 
from ethanol in orange leaflets, m. p. 144—145° (Found: C, 58-4; H, 3-9. C,.H,,0,,C,H,0,N;, 
requires C, 58-4; H, 3-9%). The 2: 4-dinitrophenylhydrazone was an orange powder, m. p. 
239° (decomp.) (Found: C, 64:9; H, 4-9. C,H. ,O;N, requires C, 64:9; H, 4.5%). Chromato- 
graphic treatment of the crystallisation residues gave but very small quantities of other products 
which were not identified. 

7-Ethyl-6-methoxy-1-methylphenanthrene (XX; R = Et).-The ketone (XX; R = COMe) 
(150 mg.) was heated under reflux for 1 hr. in ethylene glycol (5 c.c.) containing potassium 
hydroxide (0-5 g.) and hydrazine hydrate (0-5 c.c. of 90%). The solution was then concentrated 
to b. p. 190° and again refluxed for a further 3 hr. The product was poured into water (50 c.c.), 
and the material extracted with ether was crystallised from ethanol, thus giving 7-ethyl-6- 
methoxy-\-methylphenanthrene (100 mg.) in colourless rods, m. p. 83—84° (Found: C, 86-1; 
H, 6-9. C,,H,,O requires C, 86-4; H, 7:2%) [picrate, light orange needles (from ethanol), 
m. p. 168—169° (Found: C, 60-2; H, 4:6. C,,H,,0,C,H,O,N, requires C, 60-1; H, 4:4%)}. 

3-Methoxy-1 : 2: 8-trimethylphenanthrene (XII; R= OMe).—-The methyl ether of the 
phenol (X) (1-0 g.) was heated with the calculated amount of sulphur (0-38 g.) (boiling ‘‘ Dow- 
therm ’’ bath) for 3hr. Distillation of the product gave an oil which was purified as the picrate, 
unstable in alcoholic solvents but separating from benzene in solvated red leaflets, m. p. 168— 
172° (Found: C, 63-9; H, 5:0. C,,H,,0,C,H,O,N;,C,H, requires C, 64-6; H, 4:9%). De- 
composition of the picrate and crystallisation of the product from ethanol gave the 3-methoxy- 
1: 2: 8-trimethylphenanthrene in colourless needles (100 mg.), m. p. 122—123° (Found: C, 
86-1; H, 7-2. C,,H,gO requires C, 86-4; H, 7-2%). Noappreciable amount of other crystalline 
compound could be isolated. 
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NOTES. 
849. The Reaction of Sulphur Hexafluoride with Sodium. 
By H. C. Cowen, F. Ripinc, and E. WARuHURST. 


WE have recently measured the rate of reaction of sodium atoms with sulphur hexafluoride 
by the Polanyi diffusion flame technique. The reaction was very fast, and the extremely 
large bimolecular velocity constant at 247°, 2:23 x 10} c.c. mole"! sec.~!, seems completely 
inconsistent with the widespread view that sulphur hexafluoride is extraordinarily inert 
towards attack by sodium. The origin of this view lies in the work of Moissan and Lebeau 
(Compt. rend., 1900, 130, 865, 984); unfortunately, these authors give very few details. 
However, the usual conclusion (see, for example, Sidgwick, ‘‘ The Chemical Elements and 
their Compounds,” Oxford, Vol. II, 1950, p. 944) seems to be that a clean sodium surface 
is completely unaffected by sulphur hexafluoride except at temperatures very close to the 
boiling point of sodium (880° at 1 atm.). We have heated sodium in sulphur hexafluoride 
and obtained results which do not confirm this earlier view. 

The sulphur hexafluoride was very pure. It was prepared and purified by Imperial 
Chemical Industries Limited, General Chemicals, Runcorn, whom we thank for the gift of 
this compound. The gas was stated to contain about 10 parts per million of water and of 
hydrolysable fluorides and less than 1 part per million of disulphur decafluoride. 

A thick film of sodium was deposited tm vacuo on the side of a Pyrex tube, and sulphur 
hexafluoride was then admitted at room temperature to a pressure of 10 mm. No decrease 
of pressure was observed nor was the bright surface of the sodium tarnished on standing. 
As the temperature was raised the pressure began to drop at 200—250°, and during a period 
of 8 min., in which time the temperature rose to about 300°, the pressure rapidly fell to less 
than 0-1 mm. The sodium surface was largely covered with a brownish incrustation. A 
second experiment with 235-5 mm. of gas showed that at 300° the reaction came to a stop 
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after only 10 mm. of gas had been absorbed, the sodium surface being very heavily covered 
with incrustation. A third experiment showed that at 500° the reaction was accompanied 
by a chemiluminescence of the sodium D line. 

We believe that these experiments show conclusively that a clean sodium surface reacts 
rapidly with sulphur hexafluoride at about 250°, and think that, on theoretical and general 
grounds, this result is much more likely than the previous view. The relevant thermo- 
chemical data show that the gas-phase reaction SF, + Na — SF; + Na‘F- is exothermic 
to an extent of about 37 kcal. The reaction with a sodium surface would be even more 
exothermic. In the light of the interpretation of the sodium “ flame ” reaction in terms of 
potential-energy curves (Evans and Polanyi, Trans. Faraday Soc., 1938, 34, 11), together 
with general experience over a very wide field of halide reactivities towards sodium atoms, 
it would be expected that such a high exothermicity would involve a fast reaction rate and 
a low activation energy, as we have found. In contrast to this type of reaction in which a 
sodium atom approaches the molecule and “ picks off ’’ a fluorine atom, there is a type of 
reaction, for example hydrolysis (and possibly oxidation), which necessitates the attack of 
the sulphur atom by the other reactant. For this type, because of the geometry of the 
molecule, in which the sulphur atom is completely surrounded by fluorine atoms, extreme 
inertness is to be expected, and has been found experimentally in a number of cases. The 
very great difference in behaviour shown by sulphur hexafluoride with regard to these two 
types of reaction is an excellent example of the highly specific nature of chemical reactivity. 

The most plausible explanation of the chemiluminescence is that one of the five stages 

SF, + Na—» SF,_1-+ Na*F- (n<5) 
is exothermic to an extent greater than 49 kcal., the energy required to excite the D line. 
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850. The Dipole Moment of Acetone in the Liquid, Dissolved, 
and Gaseous States. 


By A. D. BuckincHAM and R. J. W. Le FEévre. 


ACETONE has been used to test empirical equations of Barclay and Le Févre (J., 1950, 556) 
and Buckingham and Le Févre (J., 1952, 1932), wo, and gas being taken as 2-74 and 
2-83—3-02 Dp, respectively. Tables 1 and 2 show the sources frorn which these values 
were drawn. The absence of a reliable figure for the distortion polarisation made 
redeterminations desirable. 

TABLE 1. Determinations of ugas. 


pt, D Results calc. from No. of temps. used Authors 

2-97 Measurements of € at 100° 1 Hojendahl, ‘‘ Studies of Dipole Moment,” 
Kobenhavn, 1928. 

Stuart, Z. Physik, 1928, 51, 490. 

Zahn, Physik. Z., 1932, 38, 686. 

Ramaswamy, Proc. Indian Acad. S¢i., 
1936, A, 4, 108. 


3—3-02 Individual (e — 1)T° 
2-85 Individual polarisations 
2:95 P = 6 + 53650/T 


bo Or we 


TABLE 2. Determinations of vo,x,. 


Temp. Polarisation expressed as_ No. of solns. examined pt, D Authors 
18 oParo = 1568 3 2-72 Hassel and Naeshagen ! 
18 oPa+o = 164-2 3 2-78 Hassel and Uhl? 
22 ee = 157-2 5 2-74 Wolf and Gross * 
20 of B+A+0 = 176 Not stated 2-74 Miller * 


1 Z. physikal. Chem., 1929, B, 4,217. * Ibid., 1930, B, 8, 187. * Ibid., 1931, B, 14, 305. * Physik. 
Z., 1933, 34, 689. 

Present Work.—Measurements on acetone vapour were made with the apparatus used for 
the bromomethanes (J., 1953, 3432), except that the cell, having been dismantled and repolished, 
had a new carbon dioxide standardisation equation after reassembly. For solutions in benzene 
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the arrangements shown in “ Dipole Moments,’’ Methuen, 3rd Edn., 1953, Fig. 17, were used. 
Essential observations are in Tables 3 and 4. 


TABLE 3. Polarisations of acetone vapour. 


p, range No. of : p, range No. of 
T, °K (8C/p)S0* = P = Pete, incm. obsns. T, °K (8C ‘a6)=6P Pea. incm. obsns. 
363-0 117-5 158-8 159-1 4— 11 7 429-3 87-0 136-0 137-3 11—40 13 
370-2 113-8 156-4 156-3 3—10 9 578-3 53-3 107-0 106-7 7—19 7 
406-1 97-0 144-6 144-1 5—I11 8 588°8 51-5 104-9 105-1 6—-37 13 
412-2 94-8 143-1 142-3 3—17 11 
* Standardising equation : (8C/p)50, = 0-667 + 1730/T. 


TABLE 4. Solutions of acetone in benzene, t = 25°. 


10*w, ...... 0 9539 10,889 17,537 17,592 21,799 37,348 44,180 53,973 
gy ees 2-2725 2-4131 2-4331 2-5272 2-5293 2-5887 2-8142 2-9212 3-0652 
Big eresences 0-87378 0-87282 0-87269 0-87202 0-87204 0-87160 0-87010 0-86941 0-86858 


From Table 3 we obtain by the method of least squares the Debye equation: P = 
18-4(-+1-7) + 51057(+707)/T, whence gas, = 2°89 + 0-02 D. From Table 4, the mean «ae, is 
14-63, while 8 = (d,. — d,)/w,d, shows a slight dependence on w,; it is given by 8 = 
—0-117 + 0-109w,. Accordingly, ,,P, is 181-9 + 1-2 c.c., and since ,P = 18-4 4 1-7 c.c., 
Yon, follows as 2-83 + 0-02,p (standard errors have been quoted throughout). 

Discussion.—The following predictions of wo,t,/ueas are obtained by using equations 
(1)—(4), given by Buckingham and Le Feévre (loc. cit.); in addition, their expressions 
(5)—(7), inclusive, are applied to liquid acetone. The required constants for 25° are 
A = 5-15, B = 6-54, C = 3-80, exp x? = 0-754, ¢ = 0-32, M, = 58-08, d, = 0-7863, np? 
1:8400, no, = 1-995, « = 19-11, and wig. = 1-48 D: 


ECR COMMINCE  ooecvenesconscses. (1) (2) (3) (4) ny te ene 

HCgtg/ Meas, MINE. «Gucasomiokuniogbes 0-93 0-96 0-92 0-96 Value observed 0-98 + 0-01, 
BQUatiOn USO ..65..5c0sese000s (5) (6) (7) ° ; ae re x 
ici NN AE ee 2-96 2-86 gag Valeo cbeceved 300.4. 0-08 


The value marked with an asterisk has been derived from the equation )P = 
(ce — n®)[e + (n® — e)A]?M/e(2e + n*)[1 + (nu? — 1)A}?d developed by Buckingham (Austr. 
J. Chem., 1953, 6, 93, eqn. 20) on the assumption that the liquid consists of uniformly 
polarised ellipsoids each one of which is surrounded by a continuum having the ‘“ macro- 
scopic ”’ dielectric constant of the fluid in bulk. 

In view of the uncertainties underlying the ‘‘ shape-factors ” exp x? and %, the forecasts 
are regarded as satisfactory. 


UNIVERSITY OF SYDNEY, N.S.W., AUSTRALIA. (Received, July 6th, 1953.) 


851. The Infra-red Absorption of Vinyl Ethers. 
By G. D. MEAKINS. 
ALTHOUGH the infra-red spectra of several unsubstituted vinyl ethers, CH,:CH-OR, are 
available in the literature (‘‘ Catalogue of Infra-red Spectrograms,”’ S. P. Sadtler, Phila- 
delphia), there appear to be few data on such ethers containing 
O substituents in the vinyl group. Most of the few known examples 


xX 'e.g., cts- and trans-but-l-enyl butyl ether (Hall, Philpotts, Stern, and 

} Thain, J., 1951, 3341), dihydropyran (see, e.g., Bader, Helv. Chim. 

\ “—C:CH, Acta, 1953, 36, 215)] contain substituents at the 8-carbon atom, and 
ANZ 1) thus represent only one of the possible substituted types. The com- 


pounds now reported cover a more varied range; the preparation and 
ultra-violet spectra of the samples used have already been described (Eglinton, Jones, 
and Whiting, /., 1952, 2873). 


The spectra were recorded on a Perkin-Elmer double-beam spectrometer (sodium chloride 
prism), liquid films of various thicknesses being used. In the Table the intensities of the bands 
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(w = weak, m = medium, s = strong) are given as guides to the appearance of the spectra. 
Only the most prominent bands in the 1000—650 cm. region are listed. 


Wave-length range (cm.~!) 


1000—650 

3150—3050 1700—1580 ———___-- twa ~ 
(a) n-Butyl vinyl ether .................. 3120w 1650 sh 964m 811 ms _ _ 
3050 w 1633 m —_ — — — 
~- 1611s — — — _ 
(6) 2-Ethoxyhex-l-ene ......50. .0cccenssses 3150 w 1655 s 958 m _ 793 m _ 
— 1592 m —- — — — 
(c) Tetrahydro-2-methylenefuran ...... 311i w 1669 s —- 895m 796s _ 
- 1590 w - 882 m — — 
— — 875 m - _— 
(d) ‘ Triterpene vinylidene ether ”’ *... — 1664s 981 m -—~ 792s — 
- 1583 w ~- - - mo 
(e) DOE yO NGA 55. a. c5 io 5 ooo 5cds Senger 3063 m 1644s 929m 889m 749m —_ 
- — — 835m 727m _ 

(f) ks S-Dihyceotaran? © c.ceinscisenscccee 3120 w 1630s — — 715m 699m 
(g) 1-Ethoxybut-l-en-3-yne_............. 3095 w 1631s 948m 879m 733m — 
3070 w -- — — _- 
(A) 4: 5-Dihydro-2-methylfuran ......... 3107 w 1677s 958m s89lm 717m — 


— - 925 m a _. = 


* Examined as a mull in Nujol. Partial formula (I) (/., 1951, 2698). 

+ Data kindly supplied by Professor C. L. Wilson and Dr. D. Aten (personal communication). 
They have independently examined compounds (d), (c), and (4); their results are in general agreement 
with those reported here. 


From the results it can be seen that linkage of an oxygen atom to a double bond affects 
the positions and intensities of the bands normally associated with the unsaturated system 
(for olefinic absorption see Sheppard and Simpson, Quart. Reviews, 1952, 6, 1). n-Butyl 
vinyl ether (a), and other compounds CH,:CH-OR (Sadtler, op. cit.) have shoulders at 
approximately 3120 cm.-!, and strong bands at about 1610, 960, and 810 cm.! (The 
1610-cm.~*! band is accompanied by at least one medium-intensity band or shoulder between 
1650 and 1620 cm.!.) The 3120-cm.! band and the absorption around 1610 cm.-? can 
be assigned to the olefinic carbon-hydrogen and carbon-carbon stretching modes, respec- 
tively. The hydrogen stretching bands are thus moved by ca. 40 cm."! to higher frequency 
from the normal vinyl position (~3080 cm.-!)._ This may explain the appearance of two 
olefinic hydrogen bands in butyl vinyl ether; in most hydrocarbons the saturated carbon- 
hydrogen stretching absorption envelops all but the highest-frequency vinyl stretching 
band. The double-bond stretching bands are, as expected, intensified by the introduction 
of oxygen, but the frequencies are little affected (vinyl ~1640 cm.~!). 

While the origin of the bands at 960 and 810 cm.~! is not so obvious, it is probable 
that they represent displaced olefinic out-of-plane bending frequencies (normally 990 
and 910 cm.-! for vinyl groups). The regular occurrence of these bands in compounds 
CH,:CH-OR, their relative intensities (960-cm.! band weaker than the 810-cm."! band), 
and their disappearance on substitution of the vinyl group support this suggestion. 

With the substituted types similar effects are observed in the displacement of the ole- 
finic carbon-hydrogen stretching bands, and the intensification of the carbon-carbon 
stretching bands. In some of the compounds the latter bands appear as single peaks (cf. 
unsubstituted ethers above). The frequencies of the double-bond peaks are slightly 
higher than those of their hydrocarbon analogues, and the positions of the bands vary in 
the usual way with structural change. Thus in tetrahydro-2-methylenefuran (c) and the 
‘‘ triterpene vinylidene ether ”’ (d) (terminal methylene groups exocyclic to five-membered 
rings) the frequencies are higher than in the corresponding acyclic compound 2-ethoxyhex-1- 
ene (5), and the frequency in dihydropyran (e) is greater than that in 1 : 2-dihydrofuran (f) 
(double bonds in six- and five-membered rings respectively) (cf. discussion by Bladon, 
Fabian, Henbest, Koch, and Wood, /J., 1951, 2402). The effect of increased substitution is 
shown by comparison of (e) and (4), while in (g) conjugation accounts for the low frequency. 

Assignments of the out-of-plane hydrogen bending bands are less certain. Compounds 
(6), (c), and (d) (with terminal methylene groups) have strong bands at 795 cm.~! which 
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probably correspond to the olefinic bending (normally at 890 cm.~! in analogous hydrocar- 
bons). It may be noted that the methylene wagging in 1 : 1-difluoroethylene, which is 
somewhat similar to this type of vinyl ether, occurs at 803 cm.-! (Smith, Nielsen, and 
Claassen, /. Chem. Phys., 1950, 18, 326). In cts- and trans-but-l-enyl butyl ether the bending 
vibrations (720—690 cm.~!, and 960 cm.~! for related olefins) probably occur at 730 and 933 
cm.~! respectively (Hall et al., loc. cit.). If these assignments are correct, then the band 
of the trans-disubstituted olefinic group, like those of the vinyl and terminal methylene 
groups, is displaced to lower frequency by the linkage to oxygen, while the cis-group band is 
not appreciably affected. On this basis the olefinic bending bands of (e), (f), and (g) would 
be at 727, 715 (or 699) and 733 cm."! respectively. (From its method of preparation 
addition of ethanol to diacetylene under basic conditions—the last compound could be a 
mixture of cis- and trans-isomers. However, the absence of strong absorption between 
1000 and 800 cm."! appears to indicate a mainly cts-configuration.) Alternatively the 
cis-olefinic bands could have been displaced to below 650 cm.!, in which case the bands 
mentioned may be associated with skeletal or methylene modes. 

It has not been found possible to identify with certainty the carbon—oxygen stretching 
bands. It is well known that the positions of these skeletal bands depend on structural 
factors such as ring size (see, inter al., Barrow and Searles, J]. Amer. Chem. Soc., 1953, 75, 
1175). However, each of the compounds studied has one medium or strong band in the 
range 1275—1200 cm."!, and another between 1075 and 1020 cm."'._ These ranges are close 
to those suggested by Tschamler and Leutner (Monatsh., 1952, 83, 1502) for the carbon- 
oxygen stretching frequencies in unsaturated ethers. 
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852. The Reactions of Metallic Salts of Acids with Halogens. Part 1V.* 
Synthesis of Perfluoro-nitroso- and -nitro-compounds. 


By R. N. HASZELDINE and J. JANDER. 


THE first synthesis of perfluoroalkyl nitroso-compounds involved the conversion of the 
corresponding polyfluoroiodoalkane into the free radical, followed by reaction with nitric 
oxide (Haszeldine, J., 1953, 2075) : 


oe ee NO ie ued oe are 
CF,y'(CF,],"1 ———> CF,:[CF,],.* —> CFy[CF,]x"NO 
and one route to the corresponding nitro-compounds was to oxidise the nitroso-compounds. 


The use of iodo-compounds can now be avoided by reaction of the silver salt of the corre- 
sponding carboxylic acid with nitrosyl chloride : 


NOCI 
CFy[CF,]_*CO,Ag ——® AgCl + CF,[CF,]a"CO-O-NO (I) 


an 


CF,:[CF,]y"NO + CFy[CF,]a"NO, + CO, ete. 


The reaction is of the type described in Parts I—III* for chlorine, bromine, or iodine. Thus 
with silver trifluoroacetate, an addition compound, probably (I; = 0), is first formed at 

-10°, and when heated decomposes into carbon dioxide, oxides of nitrogen, trifluoro- 
nitrosomethane, and trifluoronitromethane; the last compound is formed by oxidation of 
the nitroso-compound, or possibly by reaction of the trifluoromethyl radical with dinitrogen 
tetroxide. Hexafluoroethane is also formed, suggesting that free radicals are involved in 
the decomposition of (I; » = 0). Chlorotrifluoromethane (b. p. —80°), formed by reaction 
of silver trifluoroacetate with chlorine, is the other main by-product and, like hexafluoro- 
ethane (b. p. —79°), cannot easily be removed from the nitroso-compound (b. p. —86°) by 
distillation. The thermal and chemical stability of chlorotrifluoromethane and hexafluoro- 


* Parts I, MI, and III, /., 1952, 584, 993, 4259. 
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ethane are such, however, that these compounds play no part in any subsequent reactions 
of the nitroso-compound, and can readily be removed by distillation from the products of 
such reactions which usually boil appreciably higher (unpublished work). The advantages 
of the method are that a ready source of the reactive trifluoronitrosomethane is made 
available without the use of iodine, mercury, or ultra-violet light, and that substantial 
quantities of the nitroso-compound can be prepared in a short time. 


Experimental.—Silver trifluoroacetate, prepared as described earlier (Part I, loc. cit.), was 
thoroughly dried in vacuo, and stored over phosphoric anhydride in the dark. Nitrosyl chloride 
was redistilled and stored im vacuo in absence of light. 

Reaction of silver trifluoroacetate with nitrosyl chloride. Nitrosyl chloride (12-5 g., 0-19 mole) 
was condensed into a 500-ml. conical flask fitted with a reflux water-condenser connected via 
rubber tubing to two traps cooled in liquid oxygen. The flask was cooled in liquid oxygen, and 
silver trifluoroacetate (5-5 g., 0-025 mole) was added slowly. The flask and contents were then 
warmed to —10° and shaken vigorously to produce a yellow solid mass from which the excess 
of nitrosyl chloride was distilled by raising the temperature to 5°. Some chlorotrifluoromethane 
was formed at this stage. The reaction vessel was then placed behind a safety screen and the 
lower edge of the flask was heated gently by a smal/ flame. (N.B. Ifthe flask is heated rapidly 
a vigorous, almost explosive, reaction spreads through the solid, and most of the product is 
lost.) The rate of thermal decomposition can be followed by the evolution of gas, and should 
be controlled carefully for best results. The mixture is finally heated strongly. The products 
were distilled in vacuo through a trap cooled to —140°. The fraction which passed through was 
deep blue, and was shaken with ice-cold 20% aqueous sodium hydroxide for 4 min. to remove 
carbon dioxide and traces of oxides of nitrogen, then redistilled to give trifluoronitrosomethane 
(ca. 0-4 g., 16%; identified by comparison of its infra-red spectrum with that of a pure specimen 
prepared earlier), chlorotrifluoromethane (ca. 0-3 g.), and hexafluoroethane (ca. 0-2 g.). The 
fraction which had condensed in the trap cooled to — 140° was shaken with mercury to remove 
dinitrogen tetroxide, then repeatedly distilled im vacuo to give trifluoronitromethane (0-37 g., 
13%), identified by comparison of its infra-red spectrum with that of a pure sample; a third 
compound is at present unidentified. Silver trifluoroacetate (1-2 g.) was recovered unchanged 
after the reaction. 

Infra-red spectra. These were measured on a Perkin-Elmer Model 21 Spectrometer with 
rock-salt optics. Trifluoronitrosomethane is characterised by the N—O stretching vibration 
at 6-25 u, and trifluoronitromethane by the asymmetrical stretching vibration at 6-13, 6-18 u 
(doublet) and the symmetrical stretching vibration at 7-78 yu (cf. CCIF,°CF,*NO, which has 
corresponding bands at 6-18 and 7-85 w; Haszeldine, /., 1953, 2525). 


We are indebted to Professor H. J. Emeléus, F.R.S., for his interest and one of us (J. J.) to 
the British Council for a British Council Scholarship for Germany, during the tenure of which 
this work was carried out. 
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853. 6-Ethylpyrrocoline. 
By G. R. CLemo, B. W. Fox, and RIcHARD RAPER. 


OnF of us (G. R. C.) described the degradation of strychnine with potassium hydroxide 
under mild conditions (J., 1936, 1695) and a fraction was obtained as a picrate, m. p. 
192°, insoluble in cold acetone, from which a colourless, sweet smelling oil, CygH,,N, 

b. p. 90°/1 mm., designated ‘“‘ base B,’”’ was obtained. It was reduced by 
* _ the addition of eight atoms of hydrogen to give ‘‘ perhydro base B,” a strong 


Et. x s2 base CygHygN, which easily formed salts. It was suggested that base B was 
°° either an ethyl- or a dimethyl-pyrrocoline, and that on reduction an octa- 


hydropyrrocoline was formed. 
The perhydro-base B was shown to differ from 1- and 2-ethyloctahydropyrrocoline 
(Clemo and Metcalfe, J., 1937, 1518) and from 6-ethyl- and 1 : 7-dimethyl-octahydro- 
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pyrrocoline (Clemo, Fletcher, Fulton, and Raper, J., 1950, 1140). Ochiai and Tsuda (Ber., 
1934, 67, 1011) prepared 2: 3-dimethylpyrrocoline and 2 : 3-dimethyloctahydropyrro- 
coline, Tschichibabin (Ber., 1927, 60, 1617) prepared 2: 4-dimethylpyrrocoline (but 
recorded no picrate or reduction product), but these too were different from the compounds 
from strychnine. 

6-Ethylpyrrocoline (I) has now been prepared from 5-ethyl-2-methylpyridine by Borrows 
and Holland’s method (J., 1947, 672). It is unstable, has the characteristic properties 
of pyrrocolines, and readily forms a crystalline picrate, soluble in cold acetone and de- 
composing rapidly in air. It thus also differs from base B. Reduction over platinum 
oxide gave 6-ethyloctahydropyrrocoline, identical with that described by Clemo, Fletcher, 
Fulton, and Raper. 


Experimental.—6-Ethylpyrrocoline-2-carboxylic acid.  5-Ethyl-2-methylpyridine (Frank, 
Blegen, Deerborn, Myers, and Woodward, J. Amer. Chem. Soc., 1946, 68, 1368) (purified through 
the picrate, m. p. 164°) (6-8 g.), ethyl bromopyruvate (Borrows and Holland, loc. cit.) (11-0 g.) 
and ethanol (45 ml.) were refluxed for 1 hr. and set aside for 4 days. Th yellow solution rapidly 
became deep brown-red. The ethanol was distilled off at reduced pressure, and the syrupy 
residue diluted with water (20 ml.). The coloured impurities were extracted with chloroform, 
sodium hydrogen carbonate was added until effervescence ceased, and the liberated 5-ethyl- 


Ultra-violet absorption of : 


A, 6-ethylpyrrocoline. 
B, 6-ethylpyrrocoline-2-carboxylic acid. 


4 1 4 


280 320 360 
Wave -/ength (my) 


4 


2-8 1 1 
200 240 


2-methylpyridine was extracted with ether. The brown aqueous solution was treated with an 
excess of sodium hydrogen carbonate (5 g.), and the solution kept on a water-bath for 1 hr., 
then cooled and acidified with dilute hydrochloric acid. 6-Ethylpyrrocoline-2-carboxylic acid 
separated as a buff-coloured powder (2-4 g., 2394) and recrystallized from alcohol as almost 
colourless plates, m. p. 182—183° (Found: C, 69-7; H, 6-2; N, 7-8. C,,H,,O,N requires C, 
69-7; H, 5-8, N, 7:-4%). Light absorption: Max. at 2250—2600 (< 5670), 2870 (e€ 5172), 
2975 (ec 5295), 3310 (e 5230), and 3440 A (e 5230) (see Fig.). 

6-Ethylpyrrocoline (cf. Diels and Alder, Annalen, 1932, 498, 16). 6-Ethylpyrrocoline- 
2-carboxylic acid (2 g.) and freshly prepared quicklime (6 g.) were triturated and dry-distilled 
at atmospheric pressure, and at as low a temperature as possible. A dark brown oil passed over, 
which was dissolved in ether (10 ml.), dried (MgSO,), and fractionally distilled. 6-Ethyl- 
pyrrocoline (0-9 g., 59%) (Found: C, 82-8; H, 8:15; N, 9-8. Cy, 9H,,N requires C, 82-75; 
H, 7-6; N, 9°7%) is a colourless oil, b. p. 124—126°/18 mm., which darkens in air and dissolves 
in ether or chloroform to give a faintly fluorescent solution, becoming bright blue in a few hr. 
It gives the usual indole-like colours with the pine shaving and the Ehrlich reaction. Light 
absorption: Max. at 2250—2400 (e 5800), 2800 (< 5350), 2910 (c 5480), and 3320 A (e 5172) 
(see Fig.). 

A picrate, brown needles, m. p. 152—155° (decomp.) (base B gives a picrate, m. p. 192°) 
from ether, decomposed quickly and was very soluble in cold acetone and in ethanol. 

6-Ethyloctahydropyrrocoline. 6-Ethylpyrrocoline (0-4 g.) in glacial acetic acid (20 ml.) 
was shaken with platinic oxide and hydrogen at 100 Ib./sq. in. at room temperature overnight, 
hydrogen (300 ml., 4 mols.) being absorbed. The solvent was removed, the residue treated 
with potassium carbonate solution and extracted with ether, and the extract dried (MgSO,) 
and distilled. 6-Ethyloctahydropyrrocoline (0-35 g.), a colourless oil, b. p. 80—85°/18 mm. 
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(Found: C, 78-5; H, 12-5. Calc. for C,jH,,N: C, 78-4; H, 12-4%), gave a picrate, m. p. 
176° (after three recrystallizations from ethanol), not depressed by admixture with an authentic 
specimen (Found: C, 69-7; H, 6-2. Calc. for C,y)H,gN,CgH;0,N;: C, 69-8; H, 5-8%). The 
methiodide, colourless needles (from acetone-ether), m. p. 221—222°, and the picrolonate, 
m. p. 185°, prisms from methanol, agreed in properties with those recorded by Clemo, Fletcher, 
Fulton, and Raper (loc. cit.). 

Ultra-violet absorption measurements were made in ethanol purified according to Bladon, 
Henbest, and Wood (J., 1952, 2738) and with a Hilger ‘‘ Uvispec ’’ spectrophotometer. 


We are grateful to the Lancashire Education Authorities for a maintenance grant to one of 
us (B. W. F.). 


KING’s COLLEGE, UNIVERSITY OF DURHAM, 
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854. Pyrimidines. Part VII.* Some Pyrimidine Analogues of 
4-Aminosalicylic Acid. 


By J. F. W. McOmie and I. M. Wuite. 


4-AMINOSALICYLIC ACID (I) was first introduced into the chemotherapy of tuberculosis by 
Lehmann (Lancet, 1946, 250, 14); of the many related compounds since investigated, 
however, none has proved superior (e.g., Erlenmeyer e/ al., Helv. Chim. Acta, 1948, 31, 988; 
Doub et al., J. Amer. Chem. Soc., 1951, 73, 903). The present paper describes the prepar- 
ation of some pyrimidine analogues of 4-aminosalicylic acid, none of which possesses 
antitubercular activity. After the completion of this work, some pyridine analogues were 
described by Fox (J. Org. Chem., 1952, 17, 547). 3-Hydroxypyridine-4- and 4-hydroxy- 
pyridine-3-carboxylic acid were inactive, but 3-aminopyridine-4-carboxylic acid and its 
methyl ester had approximately half the antitubercular activity of nicotinamide and of 
4-aminosalicylic acid in mouse infections (Fox, ibid., p. 542). 

The 4-hydroxypyrimidine-5-carboxylic acids (II; R = SH, SMe, H, NH,, OH, and Me) 
bear a formal resemblance to 4-aminosalicylic acid (1), although in neutral solution the 
pyrimidine acids probably exist as zwitterions and in the form of pyrimidones (e.g., III). 
For convenience, they are named as derivatives of the structure (II). The pyrimidines 
studied are all known compounds, but some of them have been prepared by new and better 
methods (see Experimental). 


= i \COnH RI iO! : HY \co,- 
= NaN fe Nw y ‘Yo 
(I) (IT) (IIT) 


The acids (Il; R = SH, SMe, NH,, OH) and the ethyl esters of (II; R = SH, NH,, OH, 
Me, SEt) were examined for antitubercular activity by the chick-embryo test. The 
compounds were all inactive except 4-hydroxy-2-mercaptopyrimidine-5-carboxylic acid 
which, however, was inactive when tested in mice. The following related compounds were 
also inactive in the chick-embryo test : 4-hydroxy-2-mercapto-, 2-methylthio-, and 2: 4- 
dimercaptopyrimidine, whereas 5-amino-2-ethylthio-4-hydroxypyrimidine (Boarland and 
McOmie, /., 1952, 4942) was active. 

Experimental.—4-Hydroxy-2-mercaptopyrimidine-5-carboxylic acid. Ethyl 4-hydroxy-2- 
mercaptopyrimidine-5-carboxylate (2-5 g.) (Ballard and Johnson, J. Amer. Chem. Soc., 1942, 
64, 794) and 20% sulphuric acid (50 c.c.) were boiled for 1} hr. and then cooled. Two recrystal- 
lisations of the product (2-1 g.) from water gave the pure acid, m. p. 288—-289° (decomp.). 
Johnson and Ambler (J. Amer. Chem. Soc., 1911, 33, 982) recorded m. p. 246—247° (decomp.) 


* Part VI, /J., 1953, 3129 
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The ammonium salt, prepared by dissolving the acid in warm ammonia solution, cooling, and 
acidifying with acetic acid, had m. p. 308—310° (decomp.) (Found: C, 32-0; H, 3-7; N, 22-1; 
S, 16-8. C,H,O,N,S requires C, 31:8; H, 3-7; N, 22:2; S, 16-9%). 

4-Hydroxy-2-methylthiopyrimidine-5-carboxylic acid. A solution of 4-hydroxy-2-mercapto- 
pyrimidine-5-carboxylic acid (4-2 g.) and sodium hydroxide (5-0 g.) in water (130 c.c.) was 
shaken vigorously with methyl sulphate (8-0 g.) for 24 hr. Acidification with hydrochloric 
acid gave the 2-methylthio-compound (2-2 g., 48%), m. p. 234—235° (decomp.). Wheeler, 
Johnson, and Johns (Amer. Chem. J., 1907, 37, 404) recorded m. p. 235°. 

Ethyl 4-hydroxy-2-methylthiopyrimidine-5-carboxylate. A mixture of methyl sulphate (3-2 g.), 
ethyl 4-hydroxy-2-mercaptopyrimidine-5-carboxylate (5-0 g.), and sodium hydroxide (1-75 g.) 
in water (150 c.c.) was stirred for 1 hr. The solution was filtered, acidified with hydrochloric 
acid, and concentrated under reduced pressure. The solid which separated on cooling was 
recrystallised from water giving the pure ester (1-6 g., 30%), m. p. and mixed m. p. 134—136° 
(Todd, Fletcher, and Tarbell, J. Amer. Chem. Soc., 1943, 65, 350). 

4-Hydroxypyrimidine-5-carboxylic acid. Ethyl 4-hydroxy-2-mercaptopyrimidine-5-carb- 
oxylate (5-0 g.) in water (200 c.c.) was heated under reflux with Raney nickel sludge (25 g.) for 
4 hr., with stirring. After filtration, the green solution was evaporated to dryness and the 
residue recrystallised thrice from water (charcoal) giving needles of 4-hydroxypyrimidine-5- 
carboxylic acid (0-5 g., 14%), m. p. 236—237° (decomp.). Ballard and Johnson (loc. cit.) give 
m. p. 238°. 

No pure sulphur-free compounds could be isolated from the attempted desulphurisation of the 
acids (IL; R = SH and SMe) or of the ethyl ester of the latter. 

Uracil-5-carboxylic acid. Finely powdered ethyl 4-hydroxy-2-mercaptopyrimidine-5-carb- 
oxylate (4-0 g.) was added in portions to a boiling solution of 10% nitric acid (54 c.c.) during 
4 hr. The solution was concentrated and the solid (2-9 g., 83%), m. p. 284—285° (decomp.), 
collected. Recrystallisation from water gave uracil-5-carboxylic acid, m. p. 288—-290° (decomp.). 
Wheeler, Johnson, and Johns (/oc. cit.) recorded m. p. 278° (decomp.). 

Ethyl 2-amino-4-hydroxypyrimidine-5-carboxylate. This was prepared by Mitter and Palit’s 
method (J. Indian Chem. Soc., 1925, 2, 61); the m. p., after two recrystallisations from glacial 
acetic acid, was found to be 303—304° (decomp.; rapid heating) (Found: C, 45-6; H, 5-0. 
Calc. for C;H,O,N,: C, 45-9; H, 5-0%), whereas Mitter and Palit recorded m. p. 285°. 


The authors thank Mr. G. E. Davies of Imperial Chemical (Pharmaceuticals) Ltd., for the 
bacteriological tests. One of them (I. M. W.) thanks the University of Bristol for a Graduate 
Scholarship. 
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855. Reduction of 4-Methyl-3-nitroacetophenone. 
By O. L. Brapy and P. E. HALsTeap. 


In an attempt to obtain pure 4-ethyl-2-nitro- or 2-amino-4-ethyl-toluene in good yields 
4-methyl-3-nitroacetophenone has been reduced by the reactions: NO,*C,H,Me‘COMe —> 
NO, C,H,;Me-CHMe-(OH —® NO,°C,H,Me-CHMeCl —» NO,°C,H,Me‘CH:CH, —> 
C,H,MeEt-NHg, but only a 12% yield was obtained, which was no better than Brady and 
Day (J., 1934, 114) obtained by Clemmensen reduction. Electrolytic reduction with an 
amalgamated cadmium cathode under varying conditions was unsuccessful, as also was 
heating the hydrazone or azine of 4-methyl-3-nitro- or 3-amino-4-methyl-acetophenone 
with sodium ethoxide under pressure; but Rinkes (Rec. Trav. chim., 1945, 64, 205) has, 
subsequent to our work, obtained a 75% yield of 2-amino-4-ethyltoluene by reducing 
3-amino-4-methylacetophenone with hydrazine hydrate at 200°. 


Experimental.—1-(4-Methyl-3-nitrophenyl)ethanol. 4-Methy]-3-nitroacetophenone was heated 
under reflux for 1 hr. with aluminium isopropoxide in isopropyl alcohol; the water was 
run out of the condenser and the heating continued until the acetone had escaped and then the 
excess of isopropyl alcohol was distilled off. After cooling, the solid was heated with 2n- 
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sulphuric acid, the liberated oil extracted with ether, and the extract washed with alkali, dried, 
and evaporated. The brownish oil remaining did not crystallise after 5 months but when 
distilled under reduced pressure (b. p. 205—210°/70 mm.) crystallised after some months in 
a desiccator. Later preparations, undistilled, solidified in 24 hr. when seeded. 1-(4-Methyl- 
3-nitrophenyljethanol was obtained from light petroleum in pale yellow crystals, m. p. 52-5°; 
very soluble in most organic solvents (Found: C, 59:7; H, 6-1. C,H,,O,N requires C, 59-8 

H, 61%). 

1-(3--A mino-4-methylphenyl)ethanol. The foregoing alcohol (7-5 g.) in ethanol (25 c.c.) was 
boiled under reflux for 2 hr. with reduced iron (10 g.) and concentrated hydrochloric acid (0-5 
c.c.), filtered and evaporated. The solid obtained was extracted (Soxhlet) with light petroleum ; 
after evaporation and crystallisation from light petroleum the amine was obtained, having 
m. p. 75° and becoming brown in air (Found: C, 71-7; H, 8-5. C,H,,ON requires C, 71-5; 
H, 87%). 

4-Ethyl-2-methylaniline. 1-(4-Methyl-3-nitrophenyl)ethanol (16 g.) was dissolved in thionyl 
chloride (25 c.c.) and excess of the latter removed at 120°. The product was distilled at 18 mm. 
and the fraction boiling at 165° collected and distilled twice at 0-2 mm.; 1-(4-methyl-3-nitro- 
phenyljethyl chloride was thus obtained as a yellow oil, b. p. 113°/0-2 mm. (Found: Cl, 17:2. 
C,H ,,O,NCI requires Cl, 17-89%). This chloride was boiled under reflux with excess of pyridine ; 
after 3 hr., light brown crystals separated, of which a portion was collected and crystallised 
from water and found to be 1-1’-(4-methyl-3-nitrophenyljethylpyridinium chloride, m. p. 201° 
(Found: Cl, 12:0. C,,H,,O,N,Cl requires Cl, 128%). The halogen was ionisable and was 
determined with silver nitrate. After a further 6 hr.’ refluxing the liquid was decanted into 
a large excess of dilute hydrochloric acid. Extraction with ether and evaporation gave a liquid 
which decolorised cold acid permanganate rapidly and was free from chlorine. Distillation 
under reduced pressure gave 4-methvl-3-nitrostvrene as a pale yellow liquid, b. p. 70°/0-2 mm. 
(Found: C, 65-4; H, 5-7. C,H,O.N requires C, 66-2; H, 5-5%). 

The solid pyridinium chloride remaining was repeatedly refluxed with fresh pyridine and 
further small amounts of styrene were obtained, but the total yield was poor (only about 25% 
of the ethyl chloride used). The styrene (2 g.) was reduced in ethanol at room temperature 
with hydrogen at 5 atm. and Adams platinum oxide (0-1 g.). After filtration and evaporation 
4-ethyl-2-methylaniline (1-6 g.) was obtained as a liquid which was identified by conversion 
into the acetyl derivative, m. p. 137°, and comparison with that compound prepared by Brady 
and Day from p-ethyltoluene. 

Hydrazines and azines. The following hydrazones were prepared with excess of hydrazine 
hydrate, and the azines from these by the action of hydrochloric acid; the azine of the amino- 
ketone was precipitated from its solution in hydrochloric acid by ammonia. 

4-Methyl-3-nitro-, orange plates, m. p. 86° (Found: C, 55-8; H, 5-6. C,H,,O,N; requires 
C, 56-0; H, 5-7%), and 3-amino-4-methyl-acetophenone hydrazone, silvery plates, m. p. 116° 
(Found: C, 66-5; H, 7-6. C,H,,N, requires C, 66:3; H, 8-0%). 4-Methyl-3-nitro-, yellow 
needles, m. p. 198° (Found: C, 60-7; H, 4:9. C,gH,,O,N, requires C, 61-0; H, 5-1%), and 
3-amino-4-methyl-acetophenone azine, colourless, m. p. 168° (Found: C, 73-4; H, 7-5. CygHaN, 
requires C, 73-5; H, 7-5%). All were crystallised from light petroleum. 


THE WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
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856. Chemistry of the Platinum Metals. Part III.* Lattice Constants 
of some Chloropatladates, Bromopalladates, and Bromoplatinates. 


By A. G. SHARPE. 


KETELAAR and VON WaLsEM (Rec. Trav. chim., 1938, 57, 964) found potassium, rubidium, 
cesium, and ammonium chloro- and bromo-palladates to be isomorphous with potassium 
chloroplatinate. In their values for the lattice constants of these compounds, however, 
two curious features may be noticed. First, that of ammonium bromopalladate (9-95 A) 
is much closer to that of the potassium salt (9-92 A) than to that of the rubidium salt 


* Part II, J., 1953, 197. 
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(10-25 A). Secondly, there is little difference between the values given for ammonium 
bromopalladate and ammonium chloropalladate (9-90 A), though the values for cesium 
chloro- and bromo-palladate (10-16 and 10-64 A, respectively) show the expected large 
difference resulting from the replacement of chlorine by bromine. 

The lattice constants of these chloro- and bromo-palladates have therefore been re- 
determined, with samples whose purity has been checked by adequate chemical analysis 
(Ketelaar and von Walsem give no analytical data). Because of the possibility of solid- 
solution formation [see, e.g., Sharpe, J., 1950, 3444; Busch, Galloni, and Haitz, Anal. 
Asoc. Quim. Argentina, 1951, 39, 55 (Chem. Abs., 1952, 46, 314)], this precaution appears 
particularly desirable when only a partial investigation of the structure is made. Data 
have also been obtained for the corresponding bromoplatinates: that for the potassium 
salt is in moderate agreement with the value of 10-21 A given by Busch ef al. (loc. cit.) ; 
the other compounds have not been investigated previously. 

The results obtained are summarised below, together with the most recent data for the 
analogous chloroplatinates. Only for potassium and cesium chloropalladates and cesium 
bromopalladate do they agree well with those of Ketelaar and von Walsem. They do, 
however, show the customary regular variation among salts of alkali metals and similarity 
between palladium and platinum compounds. 


Lattice Constants (-0-01 A). 


(Values in parentheses are those of Ketelaar and von Walsem, loc. cit.; values quoted for chloro- 
platinates are those of Engel, Z. Krist., 1935, 90, 341.) 


K,PdCl,  9-74(9-74) Rb,PdCl, —-987(9-99) Cs,PdCl, 10-18(10-16) (NH,),PdCl, — 9-84(9-90) 


K,PtCl, 9-73 Rb,PtCl, 9-88 Cs,PtCl, 10-19 (NH,).PtCl, 9-83 
K,PdBr, 10-25(9:92) Rb,PdBr, 10-38(10-25) Cs,PdBr, 10-62(10-64) (NH,),PdBr, 10-33(9-95) 
K,PtBr, 10-27 RbPtBr, 10-41 Cs,PtBr, 10-63 (NH,),PtBr, 10-37 


Experimental.—Potassium tetrachloropalladite (Found: Pd, 32-5. Calc. for K,PdCl,: 
Pd, 32-6), palladium-free sodium chloroplatinate, ‘‘ AnalaR’”’ potassium and ammonium 
halides, and Kahlbaum rubidium and cesium halides were used as starting materials. 
A solution of sodium chloropalladate was obtained by precipitating palladium as palladous 
oxide with sodium carbonate, purifying the oxide by reprecipitation, dissolving it in hydro- 
chloric acid, and warming the solution with sodium chlorate. The sparingly soluble potassium, 
rubidium, cesium, and ammonium salts were precipitated on addition of the appropriate 
chloride; they were washed with chlorine water, alcohol, and ether. Treatment with even cold 
water causes the liberation of some chlorine from these compounds, and recrystallisation was 
impossible. Decomposition was effected by reduction with warm hydrazine sulphate solution : 
the precipitated palladium was dissolved in the minimum quantity of aqua regia and 
determined as the dimethylglyoxime derivative; chloride was determined as silver chloride 
[Found, for the K salt: Pd, 26-8; Cl, 53-3. Calc. for K,PdCl,: Pd, 26-9; Cl, 53-6. Found, 
for the Rb salt : Pd, 21-4; Cl, 43-6. Calc. for Rb,PdCl, : Pd, 21-8; Cl, 43-4. Found, for the 
Cs salt: Pd, 18-1; Cl, 36-2. Calc. for Cs,PdCl,: Pd, 18-3; Cl, 36-3. Found, for the NH, salt : 
Pd, 29-6; Cl, 59-7. Calc. for (NH,),PdCl,: Pd, 30-0; Cl, 59-8%]. 

Bromopalladates were made by dissolving palladous oxide in hydrobromic acid and warming 
the solution with the alkali metal bromide and bromine; crystals separated when the solutions 
were cooled to 0°. Analyses were made by methods similar to those used for the chloro- 
palladates [Found, for the K salt: Pd, 15-9; Br, 72-5. Calc. for K,PdBr,: Pd, 16-1; Br, 
72-2. Found, for the Rb salt: Pd, 14-0; Br, 63-6. Calc. for Rb,PdBr,: Pd, 14-1; Br, 63-3. 
Found, for the Cs salt: Pd, 12:3; Br, 56-2. Calc. for Cs,PdBr,: Pd, 12-5; Br, 56-3. Found, 
for the NH, salt: Pd, 17-5; Br, 77-0. Calc. for (NH,),PdBr,: Pd, 17-2; Br, 77-:0%). 

Bromoplatinates were obtained from sodium bromoplatinate (Part I, J., 1950, 3444) and 
alkali metal bromides. They were recrystallised from water, and platinum was determined by 
thermal decomposition [Found, for the K salt: Pt, 25-9. Calc. for K,PtBr,: Pt, 25-9. 
Found, for the Rb salt: Pt, 22-8. Calc. for Rb,PtBr,: Pt, 23-0. Found, for the Cs salt: Pt, 
20:7. Calc. for Cs,PtBr,: Pt, 20-7. Found, for the NH, salt: Pt, 27-6. Calc. for 
(NH,),PtBr,: Pt, 27-4%]. 

X-Ray powder photographs were taken with Cu-A, radiation, a 19-cm. camera being used; 
samples were filled into Pyrex capillaries, which were sealed with warm picein wax. Lattice 


—_ 
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constants were evaluated by the method of Henry, Lipson, and Wooster (‘‘ The Interpretation 
of X-Ray Diffraction Photographs,’’ Macmillan, 1951, p. 191). 


Grateful acknowledgment is made to Messrs. Johnson, Matthey, and Company, Limited, 
for the loan of compounds of palladium and platinum. 
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857. The Mesomorphic Transition Points of the p-n-Alkoxybenzoic 
Acids. A Correction. 


By G. W. Gray and BrynMor JONEs. 


[N an attempt to correlate rnesomorphism and structure more precisely, several homologous 
series of mesomorphic compounds have recently been examined. Comparison of these 
results with those published for the p-2-alkoxybenzoic acids has revealed some discrepancies 
between the melting and transition points reported for the latter. Bennett and Brynmor 
Jones (J., 1939, 420) prepared the methyl to decyl, dodecyl, and hexadecyl ethers, and 
Weygand and Gabler (Z. phystkal. Chem., 1940, 46, B, 270) the propyl to decyl ethers. 
Substantial differences were evident for the transition points of the heptyl, octyl, nonyl, 
and decyl ethers, and a re-examination of thirteen /-n-alkoxybenzoic acids has been made. 
The new constants agree with those reported by Weygand and Gabler. No variation is 
found for the dodecyl ether, or the well-known methyl and ethyl ethers. Bennett and 
Jones (loc. cit.) state that the hexadecyl ether melts at 100° to a smectic state, which 
changes to a nematic melt at 131°, and at 133° becomes isotropic. The nematic-smectic 
transition is described as very difficult to detect. The reported m. p. of 100° has now been 
found to be too high by some 15°, and the ether shows no nematic phase. When the iso- 
tropic liquid is cooled, characteristic smectic batonnets appear, and these coalesce to a 
focal-conic structure. The octadecyl ether, which has been prepared for the first time, is 
also purely smectic. The revised constants for the p-n-alkoxybenzoic acids are tabulated 
below. 


Temp. of transition to Phase length of 
Alkyl group smectic nematic isotropic smectic nematic 

PRPC iis ccctivevses oe csawtsswasacetes — _: 184 — 
SME iarvcnsrinsoaieesaasaaonaen _ _ 196 — : 
MUIUR: 625 naenwenabaagong cakvuaanpenes’ — 145° 154 — 9° 
BREEN accion bap cbepol eonecuncndedeceue” — 147 160 — 13 
ORO ass sci ccsnse sos soacetiaeeeeskaens -— 124 151 — 27 
Hexyl erie —_— 105 53 — 48 
BROCE sic c0s seu des.cs 92° 98 146 6° 48 
Octyl - 101 108 147 7 39 
Nonyl 94 117 143 2% 26 
Decyl 97 122 142 25 20 
BOAO GE ans rxceaucceccpcsnccmay-catineh 95 129 137 34 5 
PROMAGROYS 5055 0ccs:0cpvenenssiapannen 85 — 132-5 47-5 _- 
CRRERGOCUE ssicccsiuas sapecs percureryers 102 — 131 29 = 


When these values are plotted against the number of carbon atoms in the alkyl chain 
the transition points relating to the change mesomorphic to isotropic fall on two curves, 
one relating to the ethers with an odd number of carbon atoms in the alkoxy-group, the 
other to those with an even number. The five smectic-nematic transition points all lie on 
one smooth curve. 

It is likely that the errors in the constants as quoted by Bennett and Jones (loc. cit.) 
arose from the method used in the determinations. This involved a repeated heating and 
cooling of the material, which was mounted by melting it between a glass slide and a cover 
slip. Repeated heating of a single specimen has now been shown to cause substantial 
decomposition of these acids, and so makes the transitions difficult to observe. Moreover, 
the temperature of each transition was measured by a thermometer mounted close to the 
slide, which was contained in a glass tube to serve as an air-jacket. A careful check on this 
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procedure has shown that the values are liable to substantial error. However, no varia- 
tions have been noted in the values which they quote for the polymorphic transitions, but 
these changes may be less affected by partial decomposition. 


Experimental.—All m. p.s are corrected for exposed stem. 

Preparation of p-n-alkoxybenzoic acids. These acids, prepared by alkylation of p-hydroxy- 
benzoic acid (Brynmor Jones, J., 1935, 1874), were crystallised twice from each of the solvents, 
glacial acetic acid, ethyl alcohol, and benzene. 

Observation of transition temperatures. Preliminary measurements of the solid~mesomorphic, 
smectic-nematic, and mesomorphic—isotropic transitions were made in a wide melting-point 
capillary heated in a well-stirred paraffin-bath. A specimen was then melted on a microscope 
slide and a cover slip pressed down on the liquid to obtain a thin section of the material. This 
was inserted in a specially constructed heating instrument (details of which will be published 
elsewhere) mounted on the stage of the microscope. In this electrically heated block, the sample 
could be observed continuously under carefully controlled temperature conditions. Any 
change (solid—solid, solid~mesomorph, etc.) was easily seen: the temperature was recorded on a 
standardised thermometer. 

With the exception of the hexadecyloxy- and octadecyloxy-benzoic acids, the appearances 
of the solid and mesomorphic states of this series of acids were found to be as described by Bennett 
and Jones (loc. cit.). 

p-Hexadecyloxybenzoic acid (solid—85°—smectic—132-5°—isotropic). This acid (Found: C, 
76-4; H, 10-5. C,,H 5,0, requires C, 76-25; H, 10-5%) exhibits no polymorphism, and melts 
to a characteristic smectic state consisting of well-defined focal—conics of high double refraction. 
No further change occurs on heating it until the isotropic liquid is reached. When the sample 
is cooled, the smectic phase reappears. 

p-Octadecyloxybenzoic acid (solid—102°-smectic—131°-isotropic). This acid (Found: 76-95; 
H, 10-8. C,;H4,O; requires C, 76-9; H, 10-8%) is qualitatively identical in behaviour with 
the hexadecyloxy-acid. 
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858. N-Alkylation of Nitriles in Presence of Silver Sulphate. 
By J. Cast and T. S. STEVENs. 


CANNON, GREBBER, and Hsu (J. Org. Chem., 1953, 18, 516) report that nitriles react with 
alkyl halides and aluminium chloride, thus : 


RC] + AIC], ——» Rt AICI,- 
+ + H,O 
R* -- R°CN —e» R°CINR «<—e R“CINR wait R’“CO-NHR 
We have encountered a similar reaction between nitriles and diphenylmethyl bromide in 
presence of silver sulphate : 
CHPh,Br + Agt ——» CHPh,* + AgBr 
is + H,0 
CHPh,* + Me-CN —» Me-CiN-CHPh, <—» Me:C:N-CHPh, ——» Me-CO-NH-CHPh, 

Experimental.—Silver sulphate was freshly precipitated, washed with water, acetone, and 
ether, and thoroughly dried. Acetonitrile was repeatedly distilled over phosphoric oxide. 

Diphenylmethyl bromide (1 g.) was dissolved in benzene (10 c.c.) and acetonitrile (1-3 c.c.) ; 
addition of silver sulphate (2 g.) caused immediate reaction, with production of silver bromide, 
which was completed by warming until the supernatant liquid remained clear. The filtered 
liquid was washed with water, the benzene evaporated, and the residue extracted with ligroin 
(b. p. 90—120°). The extract yielded on concentration N-diphenylmethylacetamide (0-34 g.), 
identical (mixed m. p.) with a specimen prepared from diphenylmethylamine (Found: C, 79-7; 
H, 6-8; N, 5-8. Calc. for C,,H,,ON: C, 80-0; H, 6-6; N, 6-2%). By crystallisation from 
methanol, the material insoluble in ligroin afforded bisdiphenylmethyl ether (0-04 g.), m. p. 
106—107°. 

When in a parallel experiment acetonitrile was replaced by propionitrile (1-8 c.c.), N-di- 
phenylmethylpropionamide (Davies, Ramsay, and Stove, J., 1949, 2633) was obtained (0-43 g.) 


oredr 
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and identified as before (Found: C, 80-0; H, 7-1; N, 6-0. Calc. for C,,H,,ON: C, 
7-1; H, 5-9%). Bisdiphenylmethyl ether (0-06 g.) was also isolated. 

Acetamide is alkylated in the same way—replacement of the nitrile by 1-0, 0-2, and 0-1 g. 
of amide led respectively to yields of 0-48, 0-27, and 0-14 g. of diphenylmethylacetamide—but 
the original result cannot be attributed to the alkylation of amide present in the carefully 
purified nitrile. 


80-3; H, 


We thank the Department of Scientific and Industrial Research for a maintenance grant 
(to J. C.). 
THE UNIVERSITY, SHEFFIELD, 10. (Received, August 14th, 1953.) 


859. 2-Methyl-p-benzoquinone 1-Toluene-p-sulphonimide. 
By F. BE Lt. 


THE production of the 3-nitro-derivative from 2-acetamido-5-methoxytoluene is an un- 
certain process and the main product is always the 4-nitro-derivative (MacMillan, /., 
1952, 4019). Since the toluene-p-sulphonamido-group is more powerfully directive than 
the acetamido-group it appeared that 5-methoxy-2-toluene-p-sulphonamidotoluene (I) 
might readily furnish the desired 3-nitro-derivative. This proved not to be so, as the 
compound passed very easily with nitric acid under a variety of conditions into the quinone 


(I) Meo€SNH-SOyC,Hy OmK =NS0yC)H, (Il) 
“Me Me 


imide (II), the constitution of which was proved by its severance to f-toluquinone and 
toluene-p-sulphonamide. -Analogous compounds have been obtained by Adams and Looker 
(J. Amer. Chem. Soc., 1951, 78, 1145) by the oxidation of the arylsulphony] derivatives of 
p-aminophenols with lead tetra-acetate, and Saunders and Watson (Biochem. J., 1950, 629) 
have described the enzymic oxidation of 4-methoxy-2 : 6-dimethylaniline to 2 : 6-dimethyl- 
p-benzoquinone. 

Rather surprisingly, treatment of 4-toluene-f-sulphonamidophenetole with dilute 
nitric acid led to the 3-nitro-derivative without production of any quinone. Uyeyangi, 
similarly, has described the conversion of /-toluene-p’-sulphonamidoanisole into the 3- 
nitro-derivative (Ann. Rept. Takeda Res. Lab., 1949, 8, 22). 


Experimental.—5-Methoxy-2-toluene-p-sulphonamidotoluene, from 2-amino-5-methoxy- 
toluene, crystallised from ethanol in large prisms, m. p. 95° (Found: C, 61-4; 
H, 5-5. C,;H,,0O,NS requires C, 61:8; H, 5:8%). When this (10 g.) was warmed with nitric 
acid (10 c.c.; d 1-4) and water (100 c.c.) on a steam-bath the resultant oil rapidly solidified 
(about $ hr.). The product (6-2 g.) was crystallised from benzene and gave 2-methyl-p-benzo- 
quinone 1-toluene-p-sulphonimide (11) as orange-red prisms, m. p. 149° (Found: C, 60-4; H, 4-4. 
C,,4H,,;0,NS requires C, 61-1; H, 4:7%). The quinone crystallised in large prisms from acetic 
acid but the m. p. then became much less sharp. Crystallisation of the crude, moist product from 
acetic acid led to complete decomposition into p-toluquinone, m. p. 69°, and toluene-p-sulphon- 
amide, m. p. and mixed m. p. 137° (acetyl derivative, m. p. 139°). Dissolution of the quinone in 
acetic anhydride containing one drop of sulphuric acid led to a compound, insoluble in sodium 
hydroxide, which crystallised from ethanol in colourless needles, m. p. 178—-180° (Found : 
C, 57-5; H, 5:0; S, 7-1. CO gH,,0;NS requires C, 57-3; H, 5-0; S, 76%). It appears to be 
4: 5-diacetoxy-N-acetyl-2-methyl-N-toluene-p-sulphonylaniline. 

p-Toluene-p’-sulphonamidophenetole with dilute nitric acid, as above, gave an oil which 
hardened to a plastic mass on cooling. This on crystallisation from ethanol gave yellow needles, 
m. p. 93°, of 3-nitro-4-toluene-p-sulphonamidophenetole (Reverdin and Roethlistberger, 
Helv. Chim. Acta, 1922, 5, 301, give 95°), readily hydrolysed by dissolution in cold sulphuric acid 
to 4-amino-3-nitrophenetole, red prisms, m. p. 113° 
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860. The Chlorination of Arylamine Derivatives by Sulphuryl 
Chloride. 


By F. BELL. 


SEVERAL papers have dealt with the interaction of aromatic compounds with sulphury! 
chloride in the presence of various catalysts (see, e.g., Wynne, J., 1892, 61, 1042; Silberrad, 
J., 1921, 119, 2029; 1925, 127, 1724; Kharasch, J. Amer. Chem. Soc., 1939, 61, 2142, 3432) 
but the very variety of compounds obtained has militated against the use of this reagent 
as a nuclear chlorinating agent. It is now found that by addition of sulphuryl! chloride to 
certain compounds, with subsequent removal of the excess of reagent and crystallisation of 
the residue, a number of derivatives, otherwise difficult of access, can be obtained in high 
vield. 


— hla 


o> 


Ch i Cc. 5 
< Al m 
i \—NHAc | =N'SO,C,H, | F=NSO.CH, 
\ k—H \ — k-H A —H 
\ <x \Cl YZ S. \Cl \ 4 SZ \Cl 
H% \cl H” ‘cl H% \cl 
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By this method the undermentioned results were obtained : (a) 1-Chloro-2-acetonaphthalide 
gave (I), converted by thermal decomposition into 1 ; 3: 4-trichloro-2-acetonaphthalide, m. p. 
and mixed m. p. 220°. (6) 2-Toluene-p-sulphonamidonaphthalene and its 1-chloro-derivative 
gave (II), m. p. and mixed m. p. 164°. (c) 1-Bromo-2-toluene-p-sulphonamidonaphthalene 
gave (III), m. p. and mixed m. p. 179°. (d) 1-Toluene-f-sulphonamidonaphthalene gave the 
2: 4-dichloro-derivative, m. p. and mixed m. p. 193°. (e) Phenacetin gave 4-acetamido-2 : 5- 
dichlorophenetole, m. p. 164° [base, m. p. 65°, which yielded the toluene-p-sulphonyl derivative, 
prisms, m. p. 150°, from acetic acid or chloroform (Found: C, 50-9; H, 3-7. C,;H,,0,;NCI,S requires 
C, 50-0; H, 4:2%)]. (f) 4-Toluene-p-sulphonamidophenetole gave an equal weight of material, 
m. p. 142—145°, which only after repeated crystallisation gave the 2: 5 dichloro-derivative, m. p. 
150° (above), and a small amount of a compound, m. p. 161°, not further examined. (g) p- 
loluene-p’-sulphonamidotoluene gave mainly a tetrachloro-derivative, alternatively obtained 
in 20°, yield by use of chlorine in acetic acid, and a small amount of the more soluble 3-chloro 
derivative, which formed rhombs, m. p. 103—105°, from ethanol (Found: C, 56:0; H, 4:3 
Calc. for C\4H,4O,NCIS: C, 56-8; H, 4-7%) (Schuloff, Pollak, and Riess, Ber., 1929, 62, 1849, 
give m. p. 103°). The tetrachloro-derivative crystallised from acetic acid in prisms, m. p. 
183—185° (Found: C, 42:3; H, 3-3; Cl, 35-4. C,,H,,O,NCI1,S requires C, 42:1; H, 2:8; Cl, 
35-6%). (hk) 2-Methoxy-l-acetonaphthalide underwent vigorous and prolonged action with 
sulphuryl chloride, and the residue after removal of excess of reagent was a pale green resinous 
mass. On addition of warm ethanol the product immediately became yellow and soon gave a 
deep-red solution which on cooling deposited red crystals, m. p. 170—180°. Recrystallised from 
acetic acid these gave 3: 4-dichloro-1 : 2-naphthaquinone as deep-red plates, m. p. 182°, which 
sublimed without decomposition (Zincke, Ber., 1886, 19, 2499, gives m. p. 184°). (7) 2’: 4’- 
Dichlorotoluene-p-sulphonanilide was unchanged. (j) 2-Methoxy-1-toluene-p-sulphononaph- 
thalide and 1-bromo-2-acetonaphthalide gave uncrystallisable products. 
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861. The Reaction of 0-Nitroaniline with 1-Naphthylamine. 
By J. W. Cook and Leon Hunter. 


By heating a mixture of o-nitroaniline and l-naphthylamine with zinc chloride at 150°, 
Wohl and Lange (Ber., 1910, 43, 2186) obtained an aminobenzophenazine, m. p. 294°. 
They advanced no evidence of its structure, nor did they assign one, but in reporting this 
work Allen and Webster (“ Six-membered Heterocyclic Nitrogen Compounds with Four 
Condensed Rings,” Interscience Publishers, Inc., New York, 1951, p. 39) ascribed to the 
compound the formula (I). This seemed improbable as it implies 2: 3-addition to a 
naphthalene nucleus and reaction in the unsubstituted ring of l-naphthylamine, both of 
which are unlikely. Of various possible structures, that of 3-amino-1 : 2-benzophenazine 
(II) seemed to us the most probable, and we have confirmed this structure tor the compound. 


4\/\y Ny ; \ ' \4 N/S\/ 


VLA ARRAS . 
NH, 


The ring system present was established by deamination to | : 2-benzophenazine, m. p. 
140° (Kehrmann and Mermod, Helv. Chim. Acta, 1927, 10, 62, give m. p. 142°); the altern- 
ative 2: 3-benzophenazine has m. p. 233° (Hinsberg, Annalen, 1901, 319, 261). Fischer 
and Hepp (Ber., 1890, 23, 845), who prepared 3-amino-l : 2-benzophenazine (I) from 
4-phenylazo-l-naphthylamine and o-phenylenediamine, gave its m. p. as 264°, but this was 
corrected by Kehrmann (Ber., 1894, 27, 3342) to 294°. A sample of (II), prepared by 
Fischer and Hepp’s method, was found to be identical with the aminobenzophenazine 
prepared as described by Wohl and Lange (loc. ctt.). 


Experimental.—1 : 2-Benzophenazine. The aminobenzophenazine prepared from o-nitro- 
aniline (2-8 g.), 1-naphthylamine (2-8 g.), and zinc chloride (8-2 g.) (Wohl and Lange, Joc. cit.) 
was purified by vacuum-sublimation and crystallisation from xylene and then ethanol. It 
formed golden-yellow needles, m. p. 289-——291° (uncorr.) (Found: C, 78-3; H, 4:7; N, 16-95. 
Calc. for C,,H,,N,: C, 78:3; H, 4:5; N, 17-1%). Light absorption in ethanol: 2,,, 4650, 
3090, 2750, 2520, 2380 A; log ¢ = 4-05, 4-49, 4-37, 4-4, 4-43. 

The sparingly soluble hydrochloride of this amine, suspended in hydrochloric acid, reacted 
only partly when treated with sodium nitrite at —5°; the amine (0-1 g.) was therefore diazotised 
with nitrosylsulphuric acid in pyridine and the diazonium compound reduced with cold hypo- 
phosphorous acid, as described by Cook and Moffatt (/., 1951, 2489) for an analogous case. A 
benzene solution of the crude reaction product was purified by chromatography on alumina 
and yielded | : 2-benzophenazine, m. p. 140—143°. 

Authentic 3-amino-| : 2-benzophenazine. This was prepared by Fischer and Hepp’s method 
(Joc. cit.) and purified by vacuum-sublimation and then crystallisation from ethanol. It had 
m. p. 289-—291° (uncorr.), alone or mixed with the compound prepared according to Wohl 
and Lange. Light absorption in ethanol: 2,,,. 4660, 3090, 2730, 2520, 2370 A; log e = 4-04, 
4-5, 4-4, 4-45, 4-48. 


UNIVERSITY OF GLASGOW. (Received, August 18th, 1953.} 


Notes. 


862. The Adsorption Method of Measuring Surface Areas. 
By R. M. BarrER, N. MACKENZIE, and D. MAcLEop. 


RECENTLY (/., 1952, 1736) we derived various B.E.T.-type equations to be used as 
extrapolation formule for measuring monolayer values, vm, and surface areas. Several 
corrections necessary in the equations of Table 1 (p. 1737) are given below. These 
corrections do not alter the v,, values derived, but change the affinity constants, C, in small 
whole-number ratios. 


Isotherm B :; replace 2C in numerator and denominator by C. 
Isotherm C ; replace iC in numerator and denominator by C. 
Isotherm D : replace the first 1 in the denominator by 2. 
Isotherm F ; replace the first 1 in the denominator by 7. 
Isotherm G : replace iC in numerator and denominator by C. 


The corresponding linear plots are then easily written. Also, equation 3 should read 


v i Cy*g | Cy'g 
ydln{( 1+ Cyg+ —+....+ = eee 
Um m, MMos “eee mM; 1 
where C = a,/6,, not 6,/a, as accidentally given in our paper. 
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863. The Preparation and Deamination of 4 : 4’-Diamino- 
3: 3'-dinitrodiphenyl. 


By C. C. BARKER and F. D. Casson. 


DesPITE the earfier interest of 4: 4’-diamino-3 : 3’-dinitrodipheny! in connection with the 
stereochemistry of diphenyl (cf. Cain, Coulthard, and Micklethwait, /., 1912, 101, 2298), no 
satisfactory preparation has been described. 4: 4’-Diacetamidodiphenyl has been con- 
verted into 4: 4’-diacetamido-3 : 3’-dinitrodiphenyl by fuming nitric acid at 0° (Strakosch, 
Ber., 1872,5, 236; Brunning and Witt, Ber., 1887, 20, 1024; Cain et al.,loc. cit.) ; we find that 
this procedure gives a product of variable m. p. and that 4: 4'-diacetamido-3 : 3’-dinitro- 
diphenyl! is unstable in fuming nitric acid at 0°. Nitration in sulphuric acid gives un- 
identified, low-melting products. On the other hand, nitration in acetic anhydride— 
nitric acid at —12° gives 4: 4’-diacetamido-3 : 3’-dinitrodipheny] in 97-5°, yield. 
Deamination of the tetrazonium salt, prepared from 4: 4’-diamino-3 : 3’-dinitro- 
diphenyl and nitrosylsulphuric acid (cf. Hodgson and Walker, /., 1933, 1620), requires 
much ethanol, but the alternative use of hypophosphorous acid is unsatisfactory. 
Difficulties in the reduction of 3 : 3’-dinitrodiphenyl, which were encountered by Dennett 
and Turner (J., 1926, 481), are overcome by the use of iron pin dust and hydrochloric acid 
in 85°, ethanol, the overall yield of 3 : 3’-diaminodipheny] from 4 : 4’-diacetamidodipheny] 


amounting to 75%. 


Expevimental.—4 : 4’-Diacetamido-3 : 3’-dinitrodiphenvl. 4: 4’-Diacetamidodiphenyl (m. p. 
323—324°; 50-0 g.) was added during 6 min. to a mechanically-stirred mixture of nitric acid 
(95%; 500 c.c.) and acetic anhydride (120 c.c.), maintained at —12°(+2°) by intermittent 
external cooling with solid carbon dioxide. After a further minute, the solution was poured 
on ice-water, giving 4: 4’-diacetamido-3 : 3’-dinitrodipheny] (65-0 g.), m. p. 318—321°, raised to 
324—325° on recrystallisation from nitrobenzene (Cain et al., loc. cit., give m. p. 310°) (Found : 
N, 15-2. Calc. forC,,H,,O,N,: N, 15-6%) 
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4: 4’-Diamino-3 : 3’-dinitrodiphenyl. 4: 4’-Diacetamido-3 : 3’-dinitrodiphenyl (65-0 g.; 
m. p. 318—321) was added to a mixture of concentrated sulphuric acid (260 c.c.) and water 
(65 c.c.), and heated at 100° for 30 min. The solution was then poured into water, and the 
precipitate washed with water, dilute ammonia solution, and water, and dried, giving 4: 4’-diamino- 
3 : 3’-dinitrodiphenyl (45-2 g.), m. p. 275° (from aniline) (Cain et al., loc. cit., give m. p. 275°). 

3: 3’-Dinitrodiphenyl. Sodium nitrite (24-0 g.), added to concentrated sulphuric acid 
(239 c.c.) at 10°, was dissolved at 70°. Powdered 4 : 4’-diamino-3 : 3’-dinitrodipheny] (44-0 g.) 
was added at 10°, the solution stirred for 1 hr., acetic acid (239 c.c.) added at 10°, and the 
mixture stirred for 15 min.; a drop added to ethanol then gave a buff precipitate devoid of red 
colour. This solution was added to ethanol (1600 c.c.) at 10°, and cuprous oxide (12-0 g.) 
added, the sudden frothing which occurred being controlled by vigorous agitation. When a 
sample gave no colour with alkaline chromotropic acid, water (1500 c.c.) was added, giving 
3: 3’-dinitrodipheny] (41-5 g.) as a buff, crystalline precipitate, m. p. 196—198°. This product 
contained compounds of copper, and traces of impurities which could not be removed by 
crystallisation. Sublimation at 200°/10°° mm. gave a 92% recovery of yellow crystals, m. p. 
200°. 

3: 3’-Diaminodiphenyl. Ethanol (85%; 285 c.c.), concentrated hydrochloric acid (15 c.c.), 
iron pin dust (40 g.), and unpurified 3 : 3’-dinitrodiphenyl (24-0 g.) were stirred and refluxed 
for 24 hr. Sodium carbonate (8-5 g.) was then added and refluxing continued for 30 min. ; 
the iron sludge was removed and washed with hot ethanol. The combined filtrates were 
evaporated to dryness and the residue distilled under reduced pressure giving 3: 3’-diamino- 
diphenyl] (14-5 g.), b. p. 205—215°/10°3 mm., m. p. 92—94° (Emde, Chem. Zentr., 1915, II, 278, 
gives m. p. 93-5°). 
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864. Cleavage of Steroid Epidioxides with Lithium Aluminium 
Hydride. 


By G. F. Laws. 


THE use of dehydroergosterol as a starting material in the partial synthesis of cortisone 
has led various workers (Bergmann and Stevens, /. Org. Chem., 1948, 13, 10; Bladon, 
Clayton, Greenhalgh, Henbest, Jones, Lovell, Silverstone, Wood, and Woods, /., 1952, 
4883) to consider the readily obtained 5« : 8a-epidioxide as a means of modifying the 
reactivity of the conjugated triene system. In a parallel investigation, the author was 
concerned with a convenient method of rupture of the epidioxide bridge. 

Dehydroergosterol epidioxide, on prolonged heating with lithium aluminium hydride 
in ethereal solution, gave the known ergosta-7 : 9(11) : 22-triene-38 : 5a-diol (Windaus, 
Auhagen, Bergmann, and Butte, Annalen, 1930, 477, 268), characterised as-the acetate. 
Under the same conditions, ergosterol epidioxide gave ergosta-7 : 22-diene-38 : 5a-diol 
(Clayton, Henbest, and Jones, J., 1953, 2015), together with some ergosterol. The con- 
stitution of the latter diol was confirmed by its oxidation with mercuric acetate to the 
above mentioned triene. 


Experimental.—[a], are in CHC],, ultra-violet absorption spectra in EtOH. 

Cleavage of dehydroergosterol acetate epidioxide. The epidioxide (2 g.), m. p. 169—170°, 
(a',, +87° (c, 1-9) (Windaus and Linsert, Annalen, 1928, 465, 148; Bladon et al., J., 1952, 4887), 
was dissolved in dry ether (100 ml.). An extract of powdered lithium aluminium hydride 
(1 g.) in dry ether (100 ml.) was added, and the solution kept under reflux overnight. Excess 
of reducing agent was then destroyed with ethyl acetate, and the solution worked up in the 
usual way. The product, after acetylation in pyridine-acetic anhydride at room temperature 
overnight, was chromatographed on alumina. Elution with 9:1 benzene-ether gave, as 
plates (from methanol), 38-acetoxy-ergosta-7 : 9(11) : 22-trien-5a-ol (0-7 g.), m. p. 219—220° 
(undepressed on admixture with a sample obtained by the method of Windaus, Auhagen, 
Bergmann, and Butte (loc. cit.) of m. p. 219-—220° [a], +48° (c, 1-3)], [a], +48° (c, 2-1), Amax. 
244 mu (e 15,300). 
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Cleavage of ergosterol epidioxide. Egosterol epidioxide, m. p. 178—179°, [a]}) —36° (c, 1-6) 
(1-25 g.), was dissolved in dry ether (50 ml.). An extract of powdered lithium aluminium 
hydride (1 g.) in dry ether (50 ml.) was added, and the solution refluxed for 2 days. Working 
up, followed by acetylation and chromatography as before, gave two components: (i) eluted 
with 1: 3 light petroleum (b. p. 40—-60°)—benzene, plates (from methanol) (0-4 g.), m. p. 170— 
171°, undepressed on admixture with ergosteryl acetate, {a}, —80° (c, 2-1), Amax, 271 and 281 mu 
(¢ 10,200); and (ii) eluted wih 9:1 benzene-ether, 5-hydroxyergosta-7 : 22-dien-36-yl 
acetate (0-75 g.) as needles (from methanol), m. p. 230—232°, [x], +-0° (c, 2-0) (Found: C, 
78-45; H, 10-2. Calc. for C3,H,,0,: C, 78-9; H, 10-6%). By alkaline hydrolysis ergosta- 
7 : 22-diene-3% : 5a-diol was obtained as needles (from methanol), m. p. 237—238°, [a], +0-5° 
(c, 2:1) (Found : C, 80-6; H, 10-8. Calc. for C,,H,,O,: C, 81-1; H,11-2%). Clayton, Henbest, 
and Jones (loc. cit.) give m. p. 228—233°, [a], +2°, for the monoacetate, and m. p. 227 
234°, [a], +-1°, for the diol. 

Action of mercuric acetate on 52-hydroxyergosta-7 : 22-dien-33-vl acetate. The diene (200 mg.) 
was dissolved in chloroform (10 ml.), and a solution of mercuric acetate (700 mg.) in acetic 
acid (15 ml.) added at 20°. Mercurous acetate separated during 2 days at room temperature, 
The product formed plates (from methanol), m. p. 217—218°, Amax, 244 my (e 16,000), unde- 
pressed on admixture with 5x-hydroxyergosta-7 : 9(11) : 22-trien-38-yl acetate. 


The author acknowledges with thanks financial assistance from the Nuffield Foundation. 
He is indebted to Professor D. H. R. Barton for guidance and encouragement. 
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865. 6: 7-Benzothionaphthen. 
By W. CARRUTHERS. 


THE isolation of the hitherto unknown 6 : 7-benzothionaphthen (I) from a coal-tar fraction 
by Kruber and Raeithel (Chem. Ber., 1953, 86, 366) prompts us to record the preparation 
of this compound from 6 : 7-benzothioindoxy] (II). Reduction of (II) with zinc dust and 
acetic acid (cf. Bezdrik, Friedlander, and Koeniger, Ber., 1908, 41, 227) yielded a mixture 
consisting apparently of 6:7-benzothionaphthen (I) and a dihydro-derivative. De- 
hydrogenation of this mixture by sulphur (cf. Hansch, J. Amer. Chem. Soc., 1947, 69, 
2908) afforded pure (I). Desulphurisation with Raney nickel yields 2-ethylnaphthalene, 
and the quinone (III) was obtained on oxidation with chromium trioxide. 
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4: 5-Benzothionaphthen (IV) (Mayer, Annalen, 1931, 488, 259; Kruber and Raeithel, 
loc. cit.) was prepared similarly from 4 : 5-benzothioindoxyl. In this case, however, de- 
hydrogenation of the mixed product obtained on reduction was by chloranil in boiling 
xylene (Dost and Van Nes, Rec. Trav. chim., 1951, 70, 403), since sulphur caused decom- 
position. 


Experimental.—6 : 7-Benzothionaphthen. Zinc dust (5 g.) was added to a solution of 6: 7- 
benzothioindoxyl (2 g.) in acetic acid (50 c.c.) and the mixture boiled for 5 hr. Further small 
amounts of zinc were added from time to time. Excess of zinc was filtered off and washed 
with acetic acid, and the combined filtrates were diluted with water and extracted with benzene. 
The extract was washed with dilute sodium hydroxide and water, dried, and evaporated, and 
the residue distilled as a colourless oil at 130°/0:2 mm. (1-2 g.) (Found: C, 77-8; H, 4-9%). 
This material (550 mg.) was dehydrogenated by sulphur (110 mg.) at 260° for 2 hr. The dark 
reaction mass was extracted with benzene, and the product distilled at 120°/0-2 mm. (air-bath 


2 
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temp.) as a colourless oil which gradually solidified (350 mg.)._ After further purification through 
the picrate, 6 : 7-benzothionaphthen was obtained as colourless prisms (from methanol), m. p. 
27—28° (lit., 25-2°) (Found: C, 78-2; H, 4:3. Calc. for C,,H,S: C, 78-2; H, 44%). The 
picrate separated from ethanol in fine yellow needles, m. p. 143—-144° (Found: N, 10-4. Cale. 
for C,sH,,O,N,S: N, 10-2%) (Kruber and Raeithel, Joc. cit., describe the picrate as brown-red 
needles, m. p. 145—146°). 

Oxidation of 6 : 7-benzothionaphthen as described by Kruber and Raeithel (/oc. cit.) yielded 
the 4 : 5-quinone, crystallising from ethanol in fine red needles, m. p. 218—219° (lit., 217—218°). 
The azine formed yellow needles (from ethanol), m. p. 222—223° (lit., 222—223°). 

Desulphurisation to 2-ethylnaphthalene. <A solution of 6: 7-benzothionaphthen (0-15 g.) in 
ethanol (10 c.c.) was boiled with Raney nickel (1-5 g.) for}hr. After filtration and evaporation, 
2-ethylnaphthalene was obtained as a colourless oil, b. p. 60°/0-2 mm. (air-bath temp.) (Found : 
C, 92-5; H, 7-5. Calc. for C,,H,,: C, 92-25; H, 7-75%). The picrate formed yellow needles 
(from ethanol), m. p. 74—75°, not depressed when mixed with an authentic specimen of 2-ethyl- 
naphthalene picrate. 

4: 5-Benzothionaphthen. 4: 5-Benzothioindoxyl (2 g.), when reduced as was its isomer 
(but for 6 hr.), gave a red gum (1-5 g.) which was distilled as a yellow oil at 150°/0-2 mm. (air- 
bath temp.). No pure product could be obtained by crystallisation of this material. It 
(350 mg.) was dehydrogenated with chloranil (500 mg.) in boiling xylene (6 c.c.) for 8 hr. The 
cooled mixture was diluted with a little benzene, insoluble material filtered off, and the extract 
washed with dilute sodium hydroxide and with water. Evaporation yielded a dark gum from 
which 4: 5-benzothionaphthen (110 mg.) was obtained by chromatography on alumina from 
benzene solution. It crystallised from cyclohexane as colourless plates, m. p. 112° (lit. : 108 
109°, 112—113°) (Found: C, 78-3; H, 4.2%). The picrate formed orange-red needles (from 
ethanol), m. p. 146—147° (lit., 147—148°). 


This work was carried out by the author as a member of staff of the Medical Research 
Council. He is indebted to Professor J. W. Cook, F.R.S., for his interest, and also to Imperial 
Chemical Industries Limited, Dyestuffs Division, for gifts of 4: 5- and 6: 7-benzothioindoxyl. 
Microanalyses were by Mr. J. M. L. Cameron and Miss M. Christie. 
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866. 2:3- and 2: 5-Diaminoquinol Diethyl Ether. 
By E. S. LANE and C. WILLIAMs. 


[HE above ethers, required as intermediates for the preparation of new metal-complexing 
agents, have been prepared by catalytic hydrogenation of the nitration product of quinol 
diethyl ether. Attention is drawn to the ease of separation of the isomers based on the 
difference in solubility of the hydrochlorides in ethanol, and to the extreme ease with 
which the 2: 5-isomer undergoes atmospheric oxidation compared with the stability of 


the 2:3-isomer. Only a monohydrochloride of the 2: 3-diamine has been obtained 


-~ 


(contrast Nietzki and Rechberg, Ber., 1890, 23, 160). 


Experimental.—2 : 3- and 2: 5-Diaminoquinol diethyl ether. A mixture (200 g.) of 2: 3- 
and 2: 5-dinitroquinol diethyl ether (Nietzki, Annalen, 1882, 215, 149), ethanol (11.), and Raney 
nickel (50 g.) were shaken with hydrogen in a stainless steel autoclave at 100 atm. pressure. 
The temperature rose to 70° and the hydrogen consumption was approximately theoretical. 
The solution was decanted and the catalyst extracted (Soxhlet) with industrial alcohol. The 
combined solutions were concentrated by distillation (steam-bath), variable amounts of ammonia 
resulting from deamination during reduction being noticed at this stage. The amine residues 
were distilled, the bulk at 140—150°/0-5 mm., leaving a tarry residue, which, if not removed 
complicated the subsequent separation. Efficient separation could not be achieved by dis- 
tillation but the following simple procedure was found to be effective. The amines were dis- 
solved in the minimum of hot dry industrial alcohol, and a saturated solution (at —30°) of 
hydrogen chloride in the same solvent added, until a large excess of hydrochloric acid was 
present. The precipitate (233 g.) was filtered off. All procedures up to this stage were carried 


4188 Notes. 


out under nitrogen. The mixture of hydrochlorides was refluxed with dry industrial alcohol 
(1 1.), and the hot solution filtered. The residue (65 g.) consisted almost entirely of the hydro- 
chloride of the 2: 5-isomer. The filtrate, on cooling, deposited the hydrochloride of the 
2: 3-isomer as clusters of small white needles (125 g.) which could be entirely freed from traces 
of the 2: 5-isomer by two further recrystallisations from industrial alcohol. 2 : 3-Diaminoquinol 
diethyl ether had m. p. 78—79°, b. p. 174—176°/6 mm., and became discoloured only after several 
weeks’ exposure to air (Found: C, 61:25; H, 8-0; N, 14:3. C,)H,,O,N, requires C, 61-2; H, 
8-2; N, 14:1%). The monohydrochloride had m. p. 225° (decomp.) (Found: C, 51-25; H, 7-1; 
N, 11-7; Cl, 15-4. Cy9H,,0,N,Cl requires C, 51-6; H, 7:3; N, 12-0; Cl, 15-39%). The hydro- 
chloride of the 2: 5-isomer was fairly pure as obtained but could be further purified by precipitation 
from aqueous solution with hydrogen chloride. 2: 5-Diaminoquinol diethyl ether was extremely 
sensitive to atmospheric oxidation and neither melting point nor analysis could be obtained. 
The dihydrochloride (long white needles from hydrochloric acid) decomposed at about 280° 
(Found: C, 44-7; H, 6-7; N, 9-95; Cl, 25-3. Cj, 9H,,0,N,Cl, requires C, 44-6; H, 6-7; N, 10-4; 
Cl, 26-4%). The following acetyl and benzoyl derivatives were prepared by suspending acetic 
anhydride and benzoyl chloride, respectively, in an aqueous solution of the amine hydrochloride 
and slowly adding dilute sodium hydroxide to the well-stirred mixture. In the case of the 
2: 5-isomer other preparative methods caused extensive decomposition. The acetyl derivative 
of the 2: 3-isomer was unsuitable for characterisation. 

2: 3-Dibenzamidoquinol diethyl ether, m. p. 185-5—186° (from ethyl alcohol) (Found: C, 
71:3; H, 61; N, 7-0. C,H,,O,N, requires C, 71:3; H, 5-9; N, 69%). 2: 5-Diacetamido- 
quinol diethyl ether, m. p. 266° (from ethylene glycol) (Found: C, 60-1; H, 7:05; N, 9-6. 
Cy4H.,O,N, requires C, 60-0; H, 7-1; N, 10-0%). 2: 5-Dibenzamidoquinol diethyl ether, m. p. 
215—215-5° (from amyl alcohol) (Found: C, 71-6; H, 5-9; N, 6-65. 


We are indebted to the Director, Chemical Research Laboratories, Teddington, for the 
provision of hydrogenation facilities and to the Director, A.E.R.E., for permission to publish 
this note. 


ATOMIC ENERGY RESEARCH ESTABLISHMENT, 
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OBITUARY NOTICES. 
ALAN EDWIN BRADFIELD. 


1897—1953. 


Born at Norwich on January 11th, 1897, Alan Edwin Bradfield was educated at King Edward 
VI Middle School, Norwich, and the City of Norwich School. He was then apprenticed to a 
pharmacist and meanwhile attended classes at the Norwich Technical College. At the age of 
18 he enlisted in the Norfolk Regiment and served on the Western Front from 1916 onwards. 
He was awarded the Military Medal and Bar and in 1918 was gazetted Second Lieutenant in 
the East Lancashire Regiment. 

After demobilisation in 1919, Bradfield proceeded to the University College of North Wales, 
Bangor, where he graduated with First Class Honours in Chemistry in 1922. At the close of 
a three-year period of postgraduate work he was awarded the Ph.D. degree and in the same year, 
1925, was appointed to a lectureship in Chemistry at Bangor, which he held until 1939. The 
University of Wales awarded him the D.Sc. degree in 1933. 

In 1926, Bradfield married Cicely, daughter of the late Mr. John Stribling of King Edward 
VI Middle School, Norwich. Dr. and Mrs. Bradfield were popular members of the College 
community at Bangor, where they took a prominent part in the social life of staff and students 
and were among the organisers of the activities of the Old Students’ Association. 

First as a student, and then as a member of staff, Bradfield came under the inspiring influence 
of the late Professor Kennedy Orton and, in addition to taking his full share in the teaching 
and other routine duties of the department, he entered with characteristic energy upon a series 
of investigations of reaction mechanism, a field in which Orton was a pioneer and a master.* 
He contributed additional evidence for Orton and Jones’s mechanism of the chloramine trans- 
formation (J., 1909, 1456) by showing that the proportions of o- and p-chloro-isomerides formed 
in the rearrangement of N-chloro-anilides were identical with those obtained by the direct 
chlorination of the anilides (J., 1927, 986) and he further succeeded in obtaining some con- 
firmation of the intramolecular character of the rearrangements of aromatic nitramines (J., 
1929, 915). 

Bradfield’s main contribution in the field of reaction mechanism was his kinetic study of 
the halogenation of phenolic ethers and in a series of communications to this Journal between 
1928 and 1931 (J., 1928, 1006, 3073; 1929, 2810; 1931, 2903, 2907) he showed, for the first 
time, that such reactions can be interpreted simply in terms of statistical probability and energy 
requirements. In this work he was associated with a number of postgraduate students, among 
whom first place must be given to Brynmor Jones, now Professor of Chemistry at the University 
College, Hull, who continued and extended this work after Bradfield had transferred his 
principal attention to other fields. Bradfield retained his interest in the subject, however, as 
is shown by his publication, as recently as 1949, of a study of the mechanism of bromination 
of phenolic ethers. 

Measurement of the speeds of chlorination of a series of phenolic ethers in 99% acetic acid, 
by the delicate method of chlorination devised by Orton and King (J., 1911, 1185), revealed 
the highly significant fact that, for compounds of the general formula p-RO*C,H,X, where R 
and X were varied independently, the relative effects of a series of groups R,, Ry, etc., are 
independent of the nature of X, the relative effects of a series of groups X,, Xq, etc., likewise 
being independent of the nature of R. A preliminary study of the effect of temperature on 
the reaction velocities gave a very strong indication that the variations are due entirely, or 
almost entirely, to changes in the energy of activation and not to any significant changes in 
the non-exponential term of the equation k = PZe~“ 7; this was later confirmed by a more 
stringent test on a large number of phenolic ethers by Brynmor Jones (J., 1942, 418, 676).% 


* Bradfield’s first publication (/., 1924, 960; cf. /., 1927, 983) dealt with the purification of acetic 
acid, and the writer has vivid recollections of the difficulties encountered at Bangor by the presence in 
post-war commercial acetic acid of impurities which reacted rapidly with halogens. These difficulties 
were eliminated completely by the use of Bradfield’s method of distilling the acid from chromic anhydride 
and an appropriate quantity of acetic anhydride 

+ Proof of this has recently been provided by E. D. Hughes and G. T. Jones (J., 1950, 2678). 

Similar results have been obtained for other reactions in aromatic systems, ¢.g., by Williams and 
Hinshelwood, /., 1934, 1079. 
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The general conclusion was thus reached that each group contributes a characteristic amount 
to the energy of activation (see summary by Bradfield and B. Jones, Trans. Faraday Soc., 
1941, 37, 726), and subsequent work by Brynmor Jones showed that this rule of additivity holds 
over a wide range of phenolic ethers. 

In Bradfield’s last paper on this subject (J., 1949, 1389), he showed that the rate of bromin- 
ation of chlorophenyl ethers in 75% acetic acid may be represented by the expression 


dx/dt = k,{Ether]{Br,) + &,{Ether]{Br,]* 


where [Br,] represents the concentration of free bromine (i.e., not combined as HBr, which 
apparently does not brominate) ; k,/k, is constant throughout a series of p-chlorophenyl ethers 
but has a different (though again constant) value for a similar series of o-chloropheny] ethers. 
The second term may indicate a reaction between the ether and a Br, molecule present in very 
low concentration. 

After the death of Professor Orton in 1930, the chair at Bangor was occupied by Professor 
(now Sir) John L. Simonsen, with whom Bradfield collaborated in the degradative and synthetic 
investigation of certain sesquiterpene derivatives, including the study of eremophilone and 
cyperone, the first known sesquiterpene ketones (J., 1932, 2744; 1934, 188, 1810; 1935, 309, 
315; 1936, 667, 1137; 1937, 760). 

In 1939, Bradfield left Bangor to take up an appointment as Research Officer with the 
Indian Tea Association (London) and until 1948 worked in the laboratories of Messrs. J. Lyons 
and Co. These investigations were seriously handicapped by war conditions, but much pioneer 
work was nevertheless accomplished on the chemical constituents of green tea, and a method 
was developed for the separation of the polyphenols by partition chromatography (J., 1947, 32; 
1948, 2249). Bradfield realised that the problem presented by the fundamental chemistry of 
tea was in reality a particular case of a far wider problem, viz., the chemistry of green plants 
in general, and the opportunity of entering this more comprehensive field of study was provided 
by his appointment, in October 1948, as Senior Organic Chemist in the Biochemical Section of 
the East Malling Research Station, Kent. His terms of reference were ‘‘ to study the organic 
constituents of fruit plants,”’ an almost virgin field of study, and his first tasks were the design of 
a laboratory for the work and the appointment of staff. These matters having been dealt with 
satisfactorily, ‘‘ he threw himself into the attack on the many problems and inspired in his 
colleagues the same type of enthusiasm. First, he confined his attention to the water- and 
alcohol-soluble organic constituents of fruit plants and, using modern techniques, sorted the 
complex mixture into simpler groups—chlorophyll and carotenoids, amino-acids, plant acids, 
sugars, and an ethyl acetate-soluble fraction. Each group was then examined in detail, the 
ultimate aim being to identify and isolate each constituent and devise a method for its estimation. 
The sugar fraction of dormant apple shoots was shown to consist of fructose, glucose, sucrose, 
raffinose, stachyose, and a sugar alcohol (Nature, 1950, 166, 264), and his last piece of work, 
completed just before his death, was concerned with quantitative methods for dealing with 
this mixture. An improvement on Isherwood’s method for separating plant acids (chiefly 
hydroxy-acids) is also unpublished The complex ethyl acetate-soluble fraction, containing 
the glycosides and many other important metabolic constituents, was also examined. Chloro- 
genic and tsochlorogenic acids were identified in pear shoots and other material, and some 
glycosides were also recognised ; a powerful tool discovered recently was a method for obtaining 
ultra-violet absorption spectra directly from paper chromatograms (J., 1952, 4740). 

‘The collaborative spirit was very dear to Bradfield’s heart. He was ever ready to find 
time to discuss with anybody their problems and no-one ever came away from such a ¢téte-d-téte 
without a sense of encouragement and the enthusiasm to push the investigations further along 
the path to their ultimate goal. It was as if the dark way ahead had been for a moment 
illuminated by a flash of lightning.”’ 

The closing sentences of the above account of Bradfield’s work at East Malling, kindly 
supplied to the writer by Dr. A. E. Flood, describe the experiences of his colleagues and friends 
at all stages of his career. The possessor of an exceedingly clear and far-seeing mind, he was 
able quickly to detect the real crux of a problem and, having determined the route which seemed 
most likely to lead to a solution, he carried the work through with vigour and concentration ; 
or, if he discussed the problem of a colleague, the latter invariably received both inspiration 
and enlightenment from such an informal conversation. To quote again from Dr. Flood : 
*‘ Bradfield was a master, not only of his own science, but of the fundamentals of thought. 
This is why he always had something worthwhile to contribute to any discussion, no matter 
what the topic. He was the complete natural philosopher.’’ 
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Bradfield’s sudden passing on May 3rd, 1953, has deprived chemistry of a researcher of no 
mean ability and vision, while his former colleagues both at Bangor and in South-East England, 
and, indeed, all who knew him, have lost a true and valued friend. He leaves a wife and one 
daughter; the latter is following in her father’s footsteps, being a student of Biochemistry at 


the University of Bristol. 
H. B. Watson. 


GILBERT JOHN FOWLER. 
1868—1953. 


GILBERT JOHN FOWLER was born in Paris on January 23rd, 1868, and educated at Sidcot 
School, Somerset, and Owens College Manchester where he obtained a first-class honours degree 
in chemistry. His early research work was of a metallurgical nature and he was awarded the 
Dalton Prize and the degree of M.Sc. for a thesis on silver suboxide. He also taught physics, 
chemistry, and metallurgy in Manchester. It was, however, not until 1896, by his appointment 
as chemist and bacteriological assistant to the Rivers Committee of the Manchester City Council, 
that he was introduced to a new type of work which was destined to be of life-long interest and 
to make his name well known in many countries. He found his duties greatly to his liking and 
made a special study of bacteriology at Manchester University to enable him to deal with the 
many complex problems he encountered. Three years later he was appointed superintendent 
and chemist at the Manchester Corporation sewage works, his association with the Corporation 
lasting in all for 20 years. From the very earliest days he realised that there were two out- 
standing problems connected with the efficient treatment of sewage; the first, the prevention 
of the loss of combined nitrogen, and the second, the coagulation of the colloidal matter to give 
a clear liquid and a solid which could be handled readily. As far back as 1901 he pointed out 
that such treatment was likely to depend on the addition of oxygen in the presence of the 
requisite bacteria, but no immediate developments followed. The improvements in sewage 
treatment at Manchester, however, attracted world-wide attention, and in 1912 Fowler was 
invited to New York to help to solve the problem of the growing contamination of the Hudson 
and East rivers. While in the United States, he was shown some experiments on forced aeration 
which were in progress at the Lawrence Sewage Experimental Station. These were not entirely 
successful, and it appeared to him that the correct type of bacteria was not present. On 
returning to England, in conjunction with Ardern and Lockett, he conducted experiments on 
similar lines, but retained the precipitated sludge in the aeration tank. This sludge proved to 
be the home of the missing bacteria, and the activated sludge process, perhaps the most 
important in the world today, became a commercial possibility. 

In 1916 Fowler was appointed Professor of Applied Chemistry at the Indian Institute of 
Science, Bangalore, his title being changed three years later to that of Professor of Biochemistry. 
In this capacity he had to deal with a wider range of subjects. When first appointed, he brought 
with him cultures of the Weizmann bacillus for producing acetone by fermentation, and con- 
ducted extensive researches as to the possibility of using mahua flowers as a raw material 
instead of food grains. He also initiated many investigations on indigenous raw materials 
and especially the cultivation and improvement of lac. He by no means lost interest in 
activated sludge, but had a very extensive consulting practice dealing with new installations 
and the problems associated with them, and also was able to carry out valuable practical 
scientific experiments on a small plant erected at the Indian Institute of Science. As time 
went on, it became clear to him that the activated sludge process could only deal with a small 
fraction of the available material, and his thoughts turned more and more to the possibility 
of conserving nitrogen in Indian villages. The nitrogen cycle indeed, under the stimulus of 
a visit to China in 1918, became an obsession. An ardent Christian Scientist, he was pro- 
foundly distressed by the waste of combined nitrogen and the resulting loss of foodstuffs and 
the lowering of the standard of living for the poorest of the poor. In consequence, he welcomed 
with enthusiasm the composting process originated by the Howards in North India, and by 
means of lectures and the writing of numerous articles, did his utmost to extend its adoption. 
His preoccupation with social reform increased when he retired from the Institute of Science 
in 1924, and one aspect which he considered of vital importance was currency reform. He 
insisted that payments in any existing currency did not adequately represent the useful work 
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carried out to earn them, and suggested as a currency basis the ‘‘ ERN’’ which was primarily 
10 grams of nitrogen in the form of protein, or alternatively 300 calories, the heat produced in 
the body by this amount of protein. The value of a commodity would thus be its food value 
or the amount of work expended in its production. 

It is not possible in a short notice to give an account of the many-sided activities of Fowler’s 
well-filled life—his widespread consulting work, his lecturing, his tenure of the post of Principal 
at the Harcourt Butler Technological Institute, his work on committees, his books and his 
papers on science and economics. One item deserves special mention; his work for many 
years as honorary corresponding secretary for India of the Royal Institute of Chemistry. This 
involved his reviewing all applications for membership, a task of no mean order, but one for 
which he was well suited if only for the high esteem in which he was held by all classes of 
Indians. 

He died peacefully on March 2Ist, 1953, at the Central Hotel, Bangalore, where he had 
been living since 1942. His wife Amy Hindmarsh, née Scott, and two sons survive him. 

H. E. Watson. 


SAMUEL SMILES. 


1877—1953. 


SAMUEL SMILES, emeritus Professor of Chemistry in the University of London, died at Tunbridge 
Wells on May 6th, 1953. 

He was born in Belfast on July 17th, 1877, an only son but with one sister. His father, 
also named Samuel, partner in the firm of Appleton, Machin and Smiles, tea dealers, had married 
Miss S. A. Pennington, an Australian-born lady who came of an English farming family. 

His grandfather was the well-known Samuel Smiles, author of ‘‘ Self Help,’’ ‘‘ Lives of the 
Engineers,’’ and many other works, who had begun life by studying medicine at Edinburgh 
and Leiden and many years later was made an honorary LL.D. of his original University. 
Other members of the family were his uncle William Smiles who was manager of the Belfast 
Ropeworks, and his first cousin Sir Walter Smiles, M.P. for County Down, Northern Ireland, 
who was one of those who lost their lives in the wreck of the Princess Victoria off the Irish Coast 
in the storm of January 3lst, 1953. 

The family moved to London (Blackheath) in 1880 and it was there that Smiles spent a 
most happy boyhood and youth in the stimulating atmosphere provided by affectionate and 
sympathetic parents. He was considered to be a rather delicate and backward child; he was 
left-handed and inclined to stammer, but in fact he had no serious illness and later on he enjoyed 
games and played cricket and hockey for his House. 

He entered Marlborough on the Modern Side in 1890, having already at a preparatory school 
begun to learn German and to take an interest in natural history. In his last years at school 
his interest in Chemistry was aroused by the teaching of R. G. Durrant and he became anxious 
to take up a scientific career. It might have been expected that the young Smiles would enter 
the family business, but his father gave him every encouragement to take up scientific work 
when he realised that his son was not temperamentally suited to a business life. 

It was intended that he should go to Cambridge, but in the meantime his father met Pro- 
fessor Ramsay and was so impressed by his personality that the plan was altered and Smiles 
entered University College, London, in October 1894. According to the requirement of the 
University at that time he took the Pass degree in Chemistry, Physics, and Mental and Moral 
Science before he obtained Ist Class Honours in November 1897. As an undergraduate he had 
won the silver medal in Prof. Collie’s organic chemistry course and at the time of his graduation 
he was awarded the Tufnell scholarship in Chemistry, while his performance in the Honours 
examination won him the Granville scholarship from the University. As a senior student he 
owed much to Dr. Wallace Walker and to Dr. M. W. Travers who was at that time a demonstrator 
in the main laboratory. 

Little or no research was then being done in organic chemistry at University College, research 
students being anxious to join in the important work which Sir William Ramsay was developing 
on the rare gases. Smiles, however, chose to work on the organic side and received most 
generous help and encouragement from Sir William. Under Dr. Wallace Walker he made a 
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study of the esters of (—)-phenylchloroacetic acid which provided data for Dr. Walker's 
demonstration a few years later that the optical rotatory powers of a related group of substances 
cannot be expressed by a formula depending directly on a factor for each of the substituents 
on the asymmetric atom. 

When Dr. Walker left for Canada in 1898 Smiles started independent work on the stereo- 
chemistry of various sulphur compounds and in 1900 was able to announce the resolution of 
an asymmetric sulphonium salt. Aware that Pope and Peachey were working along similar 
lines Smiles, with characteristic generosity, withheld his paper on this subject until they also 
had submitted their results for publication. The two papers, therefore, appeared in this Journal 
almost side by side. 

In 1901 he was awarded the D.Sc. degree for a thesis which embodied this and other work. 

About this time, having been granted an 1851 Exhibition, Smiles went, on the advice of 
Sir William Ramsay, to study for one year with Professor Knorr at Jena, then for a year in 
Paris under Professor Moissan with whom he published three papers on silicon and silicon 
hydrides. 

At the end of 1902 Smiles returned to University College as assistant under Professor 
Collie in the newly formed department of organic chemistry, and in the following years he 
worked enthusiastically both at his teaching and his research, the title of Assistant Professor 
being conferred on himin 1911. It was during this period also that his book on “‘ The Relations 
between Chemical Constitution and some Physical Properties ’’ was published as one of the 
volumes in Sir William Ramsay’s series of Text Books on Physical Chemistry. 

In 1919 Smiles was appointed Professor of Organic Chemistry at Armstrong College, New- 
castle-on-Tyne, but returned to London the following year as Daniell Professor of Chemistry 
at King’s College, a position which he held until his retirement in 1938. 

In July of the same year, 1920, he married Minnie Patterson, who survives him. She was 
the youngest daughter of the late G. N. Patterson of Newcastle-on-Tyne, owner of the Northern 
Steamship Company. 

During his tenure of the Chair at King’s College Professor and Mrs. Smiles lived at Tunbridge 
Wells. After his retirement he lived throughout the second World War in Inverness and only 
returned to Tunbridge Wells a short time before his death. 

The work of Smiles, which is contained in some 120 scientific papers, * extended our knowledge 
of almost every class of sulphur compound. 


SULPHONIUM SALTS 


His first important achievement was the resolution into its optical antipodes of the sulphonium 
salt PheCO*CH,*SMeEt*} X~, showing that a sulphur atom could function as a centre of 
dissymmetry in an optically active compound. 

A few years later, as a result of a study of the formation of sulphinic acids and sulphoxides, 
the first triarylsulphonium salts were isolated. He showed that the condensation of thionyl 
chloride with benzene, and its simple derivatives such as phenetole, involved a sequence of 
reactions such as : 

C,H,-OEt ——» EtO-C,H,SOC] —» SO(C,H,-OEt), — ['S(C,H,OEt),)Cl- 


With benzene the sulphinic acid was isolated and further condensation did not occur; in other 
cases the products of all three stages of the process were obtained. In this connection the 
production of a sulphinic acid by the action of sulphur dioxide and aluminium chloride on an 
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aromatic compound was also described in a note which anticipated the well-known communic- 
ation of the same result by Knoevenagel and Kenner in 1908. With selenium dioxide a similar 


* For a complete bibliography see Obit. Not. Roy. Soc., 1953, 8, 583. 
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reaction occurred with phenolic ethers, and by further condensation the stable triarylselenonium 
salts resulted. 

The last stage in this formation of sulphonium (and selenonium) salts was a condensation of 
a sulphoxide with the aromatic nucleus. This process was also separately investigated as 
applied to sulphoxides derived from thiodiphenylamine (dibenzothiazine). Its sulphoxide gave 
with hydrochloric acid a dark brown azothionium salt (I). The corresponding dinitro- 
sulphoxide condensed readily with phenetole in presence of sulphuric acid to give a green 
sulphate of the structure (II), and a number of related compounds were studied, including the 
thetine (III) and the deep blue dye (IV) obtained by reduction. 


SULPHENIC ACIDS, THIAXANTHONES, AND THIONAPHTHENS 


As early as 1910 Smiles put forward the view that disulphides in presence of sulphuric acid 
undergo reversible hydrolysis : 


Ar-S:S:Ar + H,O =—e=—_m Ar’S:OH + ArSH 


and that this hydrolysis is promoted by higher temperatures and also by the addition of aromatic 
compounds, which condense with the highly reactive sulphenic acid Ar*S*OH : 


ArS:OH + Ar’H ——» Ar'S-Ar’ + H,O 


Sulphenic acids were at the time hypothetical, but the sulpheny] chlorides Ar*SCl were known 
and a true sulphenic acid of anthraquinone was in fact subsequently isolated by Fries (in 1912). 
This view explained the high yields obtained by the reaction of the disulphide with an 
aromatic compound in presence of sulphuric acid, since the removal of the sulphenic acid in 
the condensation left the thiol Ar*SH in solution, which was at once reoxidised to the disulphide 
by the sulphuric acid. In this way the whole of the original disulphide could ultimately be 
brought into reaction. It also made clear the mechanism of Fries and Volk’s conversion of 
diphenyl! disulphide into thianthren by sulphuric acid, which was evidently a double condens- 
ation of the same kind : 
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This method of introducing an arylthio-group was exploited by Smiles in various directions. 
Starting with 2: 2’-dicarboxydiphenyl disulphide (HO,C°C,H,°S*),, it afforded a most con- 
venient method for the synthesis of thiaxanthone and its derivatives. For example, with 
p-xylene and sulphuric acid it furnished the dimethylthiaxanthone : 
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and this reaction was extensively applied. 

A general study was made of the hydroxy- and methoxy-thiaxanthones which revealed 
some interesting cases of salt formation and the anomalous behaviour of those thiaxanthones 
having a hydroxyl group in position 1 (ortho to the keto-group). 

A similar reaction was found to occur with the reactive methylene group of keto-enolic 
substances such as $-diketones. o-Mercaptobenzoic acid condensed in sulphuric acid with 
malonic acid, acetylacetone, or ethyl acetoacetate to give 3-hydroxythionaphthen (V) in good 
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vield, which was readily oxidised to thioindigo. By careful control of the reaction with acetyl- 
acetone it was found possible to isolate the intermediate ketone (VI). 
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THE ‘‘ DISULPHOXIDES 


The compounds obtained by gentle oxidation of disulphides had been known as “‘ disulph- 
oxides ’’ and were usually written as R*SO*SO:R, the alternative structure of thiolsulphonic 
esters, R*SO,*S*R having been proposed, but generally abandoned, because they appeared to 
resemble sulphoxides very.closely both in their manner of formation and in their ease of reduc- 
tion. They are produced from the disulphides by oxidation with hydrogen peroxide, a reagent 
which Smiles himself had shown to be most useful for converting sulphides into sulphoxides ; 
and they are readily reduced by hydrogen iodide or even by hydrogen bromide—again in the 
manner of sulphoxides. 

Smiles, however, marshalled overwhelming evidence in favour of the unsymmetrical 
thiolsulphonic ester structure. The results of various methods of reduction could only be 
accepted as evidence for the disulphoxide structure if the reduction took place without any 
rupture between the two sulphur atoms, but experiment showed that rupture did in fact occur. 
For instance, the reduction by hydrogen iodide of a “‘ disulphoxide’’ of the structure 
ArsSO,*S*Ar’ with two different aromatic radicals gave good yields of the simple disulphide 
ArS*S*Ar, so that the process must clearly have involved a division of the original molecule 
into Ar-SO,H and Ar’SH, the sulphinic acid Ar-SO,H being known to be very readily reduced 
to AreSH or its disulphide. Similarly, when the reduction of the simple “ disulphoxide 
ArsSO,"S:Ar was effected by means of another thiol Ar*SH, the sulphinic acid ArsSO,H and 
not Ar*SO,H was always found in the products. 

A number of “‘ disulphoxides ’’ were synthesised by condensing a chloro-thiol with the silver 
salt of a sulphinic acid, e.g. : 


NO,-C,HySCl + AgO,S-C,H,Cl, —» AgCl + NO,C,HyS-SO,°C,H,Cl, 


and in this way the two isomeric “‘ disulphoxides ’’ AreS*SO,*Ar’ and Ar’*S*SO,°*Ar were obtained 
as stable distinct substances. 

It had been reported that the arylsulphonation of a thiol did not produce the “ disulph- 
oxide '’ as it should do according to the unsymmetrical formula, but Smiles showed that this 
direct formation of R*S*SO,°R’ was successful when the thiol R°SH was added to a large excess 
of the heated sulphonyl chloride R’*SO,Cl. 

One reaction of the ‘‘ disulphoxides ’’ was also shown to be of considerable synthetic value 
as it afforded another method of inserting the arylthio-group into other molecules, namely, 
that with substances containing a reactive CH, group : 


“e 


R:SO,'S'R’ + NaCHX, ——® R-SO,Na + R’S‘CHX, 


where X is one of the usual activating groups such as CN, CO,R, or COMe. In this way two 
arylthio-groups could be inserted in, for example, phenylacetonitrile, phenylacetic ester, or 
deoxybenzoin, and the reaction could also be applied to phenols, one or more arylthio-groups 
being introduced into the nucleus of a- and $-naphthol, resorcinol, and phloroglucinol. 


HETEROCYCLIC COMPOUNDS 


In addition to his numerous syntheses of thiaxanthones and of thionaphthen derivatives 
Smiles made many other experiments on the formation of heterocyclic compounds with sulphur 
in the ring. The dibenzo- and dinaphtho-thioxins are referred to below in connection with the 
two sulphides of $-naphthol. Several heterocyclic types were also examined in which there 
are two sulphur atoms in rings of various sizes. 

o-Dimercaptobenzene reacted with aldehydes and ketones to yield benzodithioles such as 


C,H >CMe, from acetone. The phenylbenzodithiole from benzaldehyde was oxidised by 

3 : : F 

nitric acid to a bright yellow benzodithiylium salt C,H2SCPh, and when the dimercapto- 
>/NO,- 

benzene was condensed with oxalyl chloride it gave a colourless pseudo-base leading to the purple 

dithiylium salt (VII). The reaction of the thiosulphonic ester AreSO,°SR to introduce the 

RS-group was applied to the production of other cyclic systems. Ethylene- and trimethylene- 
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bisthiosulphonic esters condensed easily with ethyl malonate or deoxybenzoin to give derivatives 
of 1 : 3-dithiolan and 1 : 3-dithian such as (VIII) and (IX) : 
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An examination of the gentle oxidation of the dimercaptodiphenyls showed that whereas 
the products from the 3: 3’- and 4: 4’-isomerides were polymeric disulphides of high molecular 
weight, that from the 2: 2’-dithiol was the crystalline monomeric cyclic disulphide (X), con- 
verted by hot copper into dibenzothiophen (XI). By condensation with aldehydes and ketones 
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the 2: 2’-dimercaptodiphenyl also gave cyclic products having a seven-membered ring such 
as (XII). Analogous products were also synthesised from 2: 2’-dimercapto-1 : 1’-dinaphthyl. 
Finally the mild oxidation of 1: 8-dimercaptonaphthalene yielded the crystalline cyclic 
1 ; 8-disulphide (XIII), and by condensation with benzaldehyde the same dithiol yielded the 
cyclic disulphide (XIV). 


THE TWO SULPHIDES OF 6-NAPHTHOL 


A problem which early attracted Smiles’s attention was that of the nature of the two 
sulphides derived from $-naphthol described by Henriques in 1894. Gentle alkaline oxidation 
of the «-sulphide from $-naphthol had yielded a stable scarlet ‘‘ dehydro-$-naphthol sulphide,”’ 
and this on acid reduction was converted into a distinct substance (the so-called ‘‘ 1so-8-naphthol 
sulphide ’’) isomeric with the first. Henriques regarded the dehydro-compound as a peroxide 
(XVI) and represented the two sulphides as stereoisomers (XV) and (XVII) arising from some 
sort of fixed position of the two nuclei : 
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The action of hot alkali on (XVII) converted it into the original sulphide (XV). Smiles 
began the study of these substances in 1911 and during the next twenty years he and his students 
published some twenty papers on this problem and its ramifications. In the course of this work 
he incidentally developed general methods for synthesis of naphthothioxins, discovered an 
interesting group of covalent alkali derivatives, and finally elucidated an intramolecular 
rearrangement which led to the detailed study of a large group of similar isomeric changes. 

From the first Smiles was inclined to doubt the supposed stereoisomeric relation of the two 
sulphides (XV) and (XVII). Moreover, a close examination of the dehydro-compound (XVI) 
showed that it resembled §-naphthaquinone, reacted readily with phenylhydrazine, and was 
probably of quinonoid structure. 

A careful study was made of the action of a variety of reagents on the two isomerides and 
on the dehydro-compound, from which it became clear that the chemical behaviour of the 
isomerides was quite distinct and their products different. For example, the sulphide (XV) 
on bromination gave 1: 6-dibromo-$-naphthol, the sulphur being eliminated, whereas the 
‘* tso-sulphide "’ (XVII) gave a tribromo-derivative without loss of sulphur. Again, dehydration 
of (XV) readily produced the dinaphthothioxin (XVIII) whereas (XVII) under similar conditions 
yielded a similar but distinct tsodinaphthothioxin. The action of acetyl chloride on the dehydro- 
compound (XVI) gave a chloro- and a dichloro-dinaphthothioxin but these were found to be 
distinct from the chloro-derivatives of (XVIII), and when acetyl iodide was used in place of 
acetyl chloride the product was an unhalogenated dinaphthothioxin which was the same tso- 
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dinaphthothioxin as that obtained by dehydration of (XVII). There are several possible 
isomerides of dinaphthothioxin. Methods of synthesis of these thioxins were explored and the 
structure of this zsodinaphthothioxin finally shown to be (XIX) by its formation from a known 
bromohydroxydinaphthy] sulphide : 


\ ( \ ra \ (s 
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The ‘‘ iso-sulphide ’’ readily gave lead and zinc salts and was oxidised by iodine to a disulphide. 
This indicated that it was not a sulphide but a thiol, and in view of its ready dehydration to 
the isodinaphthothioxin (XIX) it was formulated as (XX)-(XVII). Confirmation of this 
view was obtained by oxidising the S-methyl derivative to the sulphone, which on reduction 
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lost the sulphur group and yielded, as expected, 2-hydroxydinaphthyl ether. The scarlet 
dehydro-compound, which yielded (XX) by acid reduction, was reduced in alkaline solution 
to the original sulphide (XV) and so was explained as a cyclic quinole of the structure (XXI)- 
(XVI), similar dehydrophenols having been reported by Pummerer in 1914. 
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It was found that 2 : 2’-dihydroxydi-l-naphthyl sulphone gave a similar dehydro-compound, 
reducible to an ‘‘ iso-sulphone,”’ which proved to be in fact a sulphinic acid, and this was similarly 
reconverted into the original sulphone by alkali. 

Examination of related substances showed that in addition to the original sulphide and its 
sulphone, the corresponding selenide and the dinaphthylmethane (CH, in place of S) also gave 
analogous dehydro-compounds, but, when benzene analogues were tested, only those with a 
methyl group in position 6 (in the second ortho position to S or CH,) yielded dehydro-compounds, 
for example (XXII) and (XXIII). The formation of a stable dehydro-compound thus always 
depended on there being a substituent in position 6—either the 5 : 6-benzo-group in the naphthyl 
derivatives or a 6-methyl group in a benzene nucleus. 

At the same time it had been observed that the sulphide (XV) formed stable mono-sodium, 
-potassium, -rubidium, and -lithium compounds with 2 or 4 mols. of water, soluble in ether, 
chloroform, and benzene, which were clearly covalent compounds of the type described by 
Sidgwick and Brewer in 1925. The corresponding selenide and dinaphthylmethane showed the 
same behaviour, but not the monomethyl ethers of these compounds. They were therefore 
formulated as (XXIV) derived from the ketonic form of the naphthol. This involves a large 
chelate ring which must necessarily be puckered. 

When evidence of similar behaviour among analogous benzene derivatives was sought it 
was found that such covalent alkaline compounds were obtained only in those cases where 
formation of a stable dehydro-compound had been observed. The necessary condition once 
again was a substituent in position 6. 

Smiles regarded the action of the 6-methyl group in these compounds as being of a polar 
nature, which, by rendering the adjacent carbon atom more negative, tended to stabilize the 
ketonic form of the phenol and so to facilitate the formation of both the dehydro-compound 
and the covalent alkaline derivative. 

The conversion of the ‘‘ isosulphide ”’ into the original sulphide by warm alkali was recognized 
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as an intramolecular transformation which was actually a displacement of the ether group by 
the thiol group (in its ionized form) facilitated by the convenient positions of the groups in 
space thus: 


HO 
| OH rn 
\Y ju NIN \4* 7 
U) > Caxa 
WY or ¥ , \ \OH , 


The dehydro-compound was seen to be closely related to the transitory intermediate phase 
of the molecule during this rearrangement. 


THE SMILES REARRANGEMENT 
A closer examination of this isomeric change led to the study of a whole class of such trans- 
formations involving the intramolecular migration of an aromatic radical which came to be 
known as ‘‘ Smiles rearrangements.’’ The following two instances are typical : 
«HNO, Pow 
CyH, > i 
‘OH \O-C,H,:NO, 
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The change is truly intramolecular and there is an essential steric requirement that the sub- 
stituents concerned must be in such positions as to give a transitory intermediate having a 
five-atom (or in a few cases a six-atom) ring: thus the isomeride having the hydroxyl group 
para instead of ortho to the sulphone group resists any such change. Since the rearrangement 
is promoted by alkali it probably takes place in the ion. 

These changes may be represented in the following general form : 
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In the original transformation of the dihydroxydinaphthyl sulphides X is O and YH is 
SH, but for most of the changes studied X was SO,, SO, or S while YH was NHAc, NHg, or OH. 

Apart from the all-important steric consideration, the factors which determine the ease of 
rearrangement are : (a) the positive character of the carbon atom in ring B at which the reaction 
occurs; (b) the positive character of X or, more precisely, the relative positivity of X in com- 
parison with YH or Y~; (c) the tendency of YH to lose a proton to the medium; and (d) the 
capacity of Y to meet the electron demand, 7.e., to act as an electron donor. 

The factor (a) is affected by substitution in nucleus B, and various comparative experiments, 
some of which were quantitative measurements by a colorimetric method, showed that sub- 
stituents in B caused the speed of the isomeric change to diminish in the following order : 
2 : 4-dinitro> 2-nitro-4-chloro> 2-nitro> 4-nitro> 4-methanesulphonyl. 

The effect of condition (b) is illustrated by the rearrangement of compounds in which 
YH = NHAc when X was SO,, SO, or S, whereas when YH was aliphatic hydroxyl (nucleus a 
replaced by C,H,) X could be SO, or SO but not S, and when YH was phenolic hydroxyl the 
change took place only when X was SO,. The action of a change in the character of X was 
elegantly illustrated in a number of instances of which one is shown diagrammatically in the 
following scheme. The rearrangement proceeds in opposite directions when X is SO, or S 
respectively and so leads to a cyclic process : 
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As regards factor (c) an increased alkalinity does, in general, accelerate the change and, 
further, in alcoholic solvents the speed of rearrangement increases in the order NaOH <NaOMe < 
NaOEt<NaOPr', this being the familiar order of proton acceptance. 


——_—— 


—— ee 


1953) Obituary Notices. 4199 


Condition (d@) causes the ease of rearrangement to decrease when YH is varied in the following 
series : NHAc>OH (aliphatic) > NH,>OH (phenolic)>SH. Moreover, when YH is phenolic 
hydroxyl, the change is influenced by substituents in nucleus a, which modify the activity of 
the hydroxyl group. Consequently speeds of rearrangement diminish for the following sub- 
stituents in the order: 5: 6-C,H,>3: 5-dimethyl>5-methyl; and 5-O->5-OMe>4-O-. 

The factors (c) and (d) must often be considered together. When YH is of the substituted 
amino-type the donor capacity (d) must fall in the order NHMe>NH,>NHAc> 
NH:CO:C,HyNO,> NH°SO,°Ph, but at the same time the tendency (c) to lose a proton must 
be in the reverse order. For the sulphones (X == SO,) with these various substituents YH, it 
was found that they all underwent rearrangement, but the first and the last member of the 
series did so only with difficulty, and there was a maximum speed of rearrangement in the 
middle of the series, arising from the simultaneous and the opposed operation of factors (c) 
and (d). Similarly in the corresponding series of sulphides (X = S) it was only the acetamido- 
and 2-nitrobenzamido-derivatives which rearranged in hot alkali. One interesting feature of 
these isomeric changes, for which no simple explanation is apparent, is that the speed of the 
rearrangement was in all cases very much faster when there was a methyl group in position 6, 
that is to say, with those structures which had already been found to permit the formation of 
a stable dehydro-compound and of a covalent alkali derivative. 

This type of rearrangement was finally extended to substances not including a sulphur atom, 
for example, the aryl salicylates : 


OH OO 
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\CO-0-C,H,:NO, \co,H 
and the o-carbamyl derivatives of diphenyl ether : 
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During the first World War Smiles acted as chemist to the Small Arms Ammunition Com- 
mittee of the Ministry of Munitions and carried out work on tracer bullets. For these services 
he received the O.B.E. in 1918. 

Ife was made a Fellow of University College in 1912 and of King’s College in 1933 and was 
elected a Fellow of the Royal Society in 1918. 

A life-long Fellow of the Chemical Society, he served as Honorary Secretary from 1912 to 
1920 and as a Vice-President for 1920 to 1923. He became a Fellow of the Royal Institute 
of Chemistry in 1916 and subsequently held office as Examiner in General Chemistry, 1920— 
1924, and as a member of Council, in 1932—1935 and 1936—1939. 

The University of Belfast conferred on him the honorary degree of D.Sc. 

The department of Chemistry at King’s College flourished and expanded under Smiles’s 
genial guidance. In spite of difficulties an adjacent building was secured and used to provide 
a considerable addition to the laboratory accommodation for research. 

Smiles was an enthusiastic and inspiring leader of his research students and although he 
was keenly critical in scientific matters he was most kindly and tolerant in his attitude to them 
personally. If an experiment failed he would never blame the worker who might have been 
thought responsible for the failure. He would often chat with them of everyday affairs, games, 
or holidays. He enjoyed motoring, was a keen photographer, and a first-class tennis player. 

Always most conscientious in the discharge of his teaching duties he maintained the excellent 
tradition of himself lecturing on inorganic chemistry to the Ist-year students. Loyally sup- 
ported by his colleague Professor A. J. Allmand he regarded the needs of his students as the 
first responsibility of the department and he was ready to go to any amount of trouble to help 
them in their choice of employment or in their subsequent careers. 

Among those who gained their first experience of research in collaboration with Smiles there 
are a number who have since distinguished themselves in academic or industrial chemistry, 
including T. P. Hilditch, E. de B. Barnett, H. T. Clarke, O. L. Brady, T. J. Nolan, and L. G. 
Brooker. 

At the time of his retirement he wrote as follows : 

‘“ All those engaged in an experimental science who take up an academic career soon find 
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that there are two main aspects of their work: that of teaching and training of students to fit 
themselves for their careers, and the advancement of science by research. These duties are 
by no means incompatible, but I have found one of my most difficult tasks to be the maintaining 
of what appeared to be the proper balance between them. 

‘IT must confess that, as with many of us, in my younger days the prosecution of research 
seemed to me to be by far the more important and interesting, but as years passed and I gained 
experience of life the situation gradually became altered, until in the last ten years or so the 
training of the student has seemed the more important, and indeed, sometimes research appeared 
to be a means to that end.’’ 

Nevertheless, the scientific standard of research in his department was in fact always 
maintained at a high level. 

The affection and esteem in which Smiles was held by his old students and colleagues were 
well expressed by the inscription in the watch which they presented to him at the farewell 
dinner in 1938: Samuel Smiles, Teacher and Friend. 


I am glad to acknowledge the help I have received in writing this notice from several of 
those who worked with him at King’s College, and particularly Dr. R. Child and Dr. J. A. C. 
McClelland. 


G. M. BENNETT. 
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